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A CLINICAL AND RADIOLOGICAL CORRELATION OF THE 
LESIONS PRODUCED BY CHEMOPALLIDECTOMY 
AND THALAMECTOMY* 


BY 


GONZALO J. BRAVO and IRVING S. COOPER 


From the St. Barnabas Hospital for Chronic Diseases, New York 


The purpose of this paper is to present the clinical 
and radiological correlation of 360 intracerebral 
lesions placed in 300 patients who underwent surgery 
for the treatment of Parkinson’s disease. These cases 
represent a consecutive series of patients, part of a 
total of more than 800 basal ganglia operations per- 
formed on our service since 1952. Details of the 
surgical technique employed have already been 
reported (St. Barnabas Symposium on “Surgical 
Therapy of Extrapyramidal Disorders’, 1956; 
Cooper, 1956; Cooper and Bravo, 1958a). 

The cases selected for this study have been those 
operated on by using the balloon cannula technique 
(Bravo and Cooper, 1957) which allows testing of 
the physiological effects of a temporary lesion before 
the injection of alcohol and, by creating a small 
cavity, facilitates the production of a well-circum- 
scribed alcohol lesion (Cooper and Bravo, 1958b). 
Such lesions, when the alcohol has been mixed with 
pantopaque, can be visualized radiographically. 

In an earlier report we presented the anatomical 
evidence and the corresponding radiological land- 
marks obtained as a result of a study carried out in 
65 cadaver brains (Bravo and Cooper, 1958). In 
that report we studied the anatomical location of 
120 intracerebral lesions visualized radiographically 
and confirmed by anatomical studies of each brain. 
The conclusions of that paper regarding the radio- 
logical and anatomical correlations of certain lesions 
have been confirmed by other investigators (Amador, 
personal communication). The results of our 
anatomical study are also in essential agreement 
with the data that can be obtained from some of the 
available brain atlases (Stelmasiak, 1956; Spiegel 
and Wycis, 1952). 

The surgical target in the present series of patients 
was the globus pallidus and/or the thalamus. In our 
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anatomical studies we were also concerned with the 
radiological projection of these structures and 
estimation of limits of safety according to shape 
and size of the skull, size of the ventricles, and 
relative position of the foramen of Monro and pineal 
gland. As a result of continuing investigations a 
series of intracerebral structures have been radio- 
graphically outlined (Figs. | and 2) and the land- 
marks for the two surgical targets, namely the mesial 
globus pallidus and ventrolateral thalamus, were 
established (Cooper, Bravo, Riklan, Davidson, and 
Gorek, 1958). The results of the earlier studies 
can now be related to radiographically visualized 
lesions in patients. 

In this paper we are going to consider the radio- 
logical location of these lesions in terms of the 
neurological results which they produced. With the 
information obtained from the cadaver study it is 
possible to correlate, with a fair degree of accuracy, 
the anatomical site of these lesions with the observed 
effects. However, until definite anatomical proof of 
the structures involved can be shown, when and if 
the brains of those patients come to post-mortem 
examination, we should limit ourselves to an evalua- 
tion of the clinical and radiological data. 


Material and Methods 


Three hundred consecutive patients, all of whom have 
been operated on by the balloon-cannula alcohol method, 
are included in this report. The follow-up period ranges 
from six to 18 months. We have excluded four patients 
who died in the immediate post-operative period as a 
result of intracerebral haemorrhage. 

Altogether 360 lesions have been plotted in several 
standard x-ray tracings of the skull. For the dimensions 
of that skull and for the placement of the foramen of 
Monro and the pineal gland within it we have used a 
model made with a geometrical mean of the radiographs 
of all the patients considered. The lesions have been 
placed in those maps according to their relative position, 
in terms of the “foramen-pineal line” and in terms of the 
base line of the skull. The reason why we have chosen 
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Fic. 1.—Cannula with inflated balloon placed 
within the standard radiological landmarks 
for the globus pallidus. Lesion in the 
corresponding anatomical specimen appears 
in the mesial globus pallidus. 


Fic. 2.—Cannula with inflated balloon placed 
within the standard radiological landmarks 
for the ventrolateral thalamus. Lesion in 
the corresponding anatomical specimen 
appears in the ventro-lateral thalmic area 
(retouched). 





CLINICAL AND RADIOLOGICAL CORRELATION OF INTRACEREBRAL LESIONS 3 


these reference points, and why we think that relative 
measurements in relation to them are valid, have been 
reported elsewhere (Bravo and Cooper, 1958). New data 
which consider the geometrical positions of the foramen 
of Monro and the pineal gland as related to the bony 
structures and relative dimensions of the skull will be the 
object of a later report. 

In order to simplify the presentation, we have chosen as 
our reference point for the charts the geometrically central 
area of the lesion, although in some cases the actual lesion 
extended beyond the boundaries of the circles represented 
in the accompanying charts. Each point in the charts 
represents a minimum of three patients with some points 
corresponding to as many as 43 patients. 

It is evident that, as had been intended at the time of 
surgery, the lesions fall into two main groups: those 
directed at the globus pallidus and efferent pallidal path- 
ways, and those aimed at the ventrolateral area of the 
thalamus. In addition, it became evident that there were 
several points which showed a fairly constant radiological 
and clinical correlation outside of the standard limits of 
the surgical targets. In certain cases, lesions in these 
adjacent areas produced undesirable results; in other 
cases, temporary neurological effects with or without 
accompanying relief of tremor and rigidity were observed. 


Results 


The findings of this study have been summarized 
in five charts. Fig. 5 includes those lesions which 
affect primarily the globus pallidus and/or its 
efferent fibres. Fig. 6 includes those lesions which 
involve different areas of the thalamus and/or efferent 
or afferent thalamic tracts. We have summarized in 
Fig. 7 those areas from which serious undesirable 
effects were obtained. It should be noted that some 
of those points are based on a very small number of 
cases and that the complications were, with rare 
exceptions, temporary. But because of the constant 
and close relationship between each of those points 
and the corresponding clinical side-effect, it was con- 
sidered worthwhile to call attention to it. In Fig. 8 
we have isolated the distribution of those lesions 
causing motor weakness or sensory changes. In 
some instances the motor weakness was a transitory 
phenomenon observed in the operating room after 
inflating the balloon or inserting the cannula. Quick 
recovery followed the deflation of the balloon or the 
withdrawal of the cannula and most of these patients 
were successfully operated on at a later date. In 
only two instances the lesion thus produced left a 
residual motor deficit. 

Two facts should also be mentioned in relation to 
the occasional motor deficit associated with chemo- 
pallidectomy or chemothalamectomy. (1) The lesion 
produced by the insertion of the needle or by inflat- 
ing the balloon, even if incorrectly located, affects 
only a very small segment of the internal capsule 
and consequently only transient and temporary 
2 


Fic. 3.—Lesion produced in the internal capsule by the 
inflated balloon. 


Fic. 4.—Lesion produced by the balloon plus injection of 
0-5 ml. of alcohol into the ventrolateral thalamus. The 
lesion is sharply outlined against the internal capsule 
but it does not spread macroscopically among the 
fibres of the capsule. 


effects should be expected to occur (Fig. 3). (2) 
When the inflated balloon itself does not produce a 
motor deficit, it has never resulted in our experience 
from subsequent injections of alcohol into the same 
area unless some bleeding occurred. The explanation 
for this apparently lies in the fact that when the 
alcohol is deposited in the most lateral area of the 
thalamus, the thick fibre layers of the capsule at that 
level constitute a natural barrier and the alcohol 
necrosis appears to occur medialward into the soft 
thalamic tissue (Fig. 4). 

Fig. 9 corresponds to the lesions in patient No. 
297. This single patient summarizes some of the 
favourable and unfavourable effects produced by 
three different radiologically visualized lesions. 


Pallidal Lesions.—The five different lesions repre- 
sented in Fig. 5, which includes a total of 67 patients, 
correspond to the area of the globus pallidus and its 
efferent fibres. Although some other projection 
systems will also be involved with most of these 
lesions, we have to assume, at the present time, that 
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1. MESIAL GLOBUS PALLIDUS 


@relicf of rigidity often with some residual tremor 
@rigidity relieved, 


Wdifficulty in swallowing 
vconfusion , 
wif lesion is low: visual field defects 


but less than with thalamic lesion 








the effectiveness of these lesions in relieving Parkin- 
sonian symptoms is due to destruction involving the 
globus pallidus and its efferent fibres, particularly 
the ansa and fasciculus lenticularis. Lesion No. | 
corresponds to the mesial part of the globus pallidus 
and it may extend from 10 to 18 mm. from the mid- 
line in the antero-posterior radiological projection 
(Fig. 1). In the lateral view, this lesion may extend 
from the level of the anterior commissure or anterior 
border of the foramen of Monro to 4 or 5 mm. 
behind the posterior margin of the foramen. It 
should be remembered that as we move posteriorly, 
part I of the globus pallidus moves away from the 
midline, so that the mesial globus is not in the same 
sagittal plane at the level of the anterior commissure, 
that it is 3 mm. behind the posterior margin of the 
foramen, but at both levels a pure pallidal lesion can 
be produced. 

Lesion No. | has most commonly resulted in 
alleviation of rigidity and incomplete alleviation of 
tremor. Occasionally, complete relief of tremor is 
obtained. No ill effects follow this lesion. Lesion 
No. 2 affects the innermost part of globus I and the 
ansa lenticularis. It is possible, also, that some of the 
anterior fibres of the fasciculus lenticularis might be 
involved. Lesion No. 2 has generally resulted in a 
more complete relief of rigidity than lesion No. | 
and the relief of tremor is more often complete or 


almost complete. Regarding the relief of tremor 
obtained by this type of lesion, two additional points 
should be mentioned: (1) In some instances the 
relieved tremor would transiently reappear under 
strain. (2) In five cases, in which the rigidity was 
relieved but with marked residual tremor, we 
observed a gradual, progressive disappearance of the 
tremor, so that at the end of three months the patients 
were free of symptoms. Lesion No. 3 involves the 
antero-ventral segment of the thalamus and the 
fibres of the fasciculus and ansa as they run into it. 
This type of lesion has been followed by essentially 
the same results as lesion No. 2. Lesions Nos. 4 
and 5 have in common the involvement of the 
anterior third of the posterior limb of the internal 
capsule, through which the fibres of the fasciculus 
project from the globus to the thalamus. At that 
level the internal capsule carries fronto-pontine and 
fronto-bulbar fibres and the anterior segment of the 
cortico-spinal pyramidal tract. Lesion No. 4, prob- 
ably because of the involvement of the fasciculus 
lenticularis, had resulted in improvement of the 
Parkinsonian symptoms. The results in the cases 
with the lesion in area No. 5 have been consistently 
poor, and both lesions Nos. 4 and 5 have been 
followed on occasion by transient dysphagia, 
dysarthria, and facial weakness. When a lesion of 
this type is placed bilaterally lasting dysphagia and 
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THALAMIC MECHANISMS 


7. DORSOLATERAL THALAMUS 


THERAPEUTIC RESULTS @ 
POSSIBLE SIDE EFFECTS ¥ 


8. PROJECTION of BRACH. CONJ. 
VIA NUCLEUS RUBER 


@ complete relief of tremor & rigidity 4-cases) 
@ hypotonus ms 
v moderate to severe ataxia 


v poor finger control (temporary) _ 
y slight fo severe temporary confusion 

















6. VENTROLATERAL THALAMUS 


@ complete relief of tremor & rigidity 
@ full return of fine 
@ if lesion is posterior : “baby” hand 


vif lesion correctly placed : none 











dysarthria may occur. The only other undesirable 
effects of this group of pallidal lesions have been 
drowsiness and apathy of a temporary nature. 

It should be noted that division within these areas, 
all of them included within little more than a cubic 
centimetre of brain, is somewhat artificial. We are 
speaking in terms of main localization of the lesion 
and of predominant symptoms. Some small lesions 
have reproduced rather sharply the effects attributed 
to a certain localized area; larger destruction, on the 
other hand, will extend beyond the boundaries of one 
specific area and the combined effects of lesions in 
two or three of the described structures would follow. 














Thalamic Lesions.—In Fig. 6 we have represented 
those lesions, 183 in all, which we believe correspond 
to the ventrolateral region of the thalamus posterior 
to the anteroventral nucleus. Area No. 6 includes 
three points, all within the ventrolateral thalamus 
from which constant results regarding the relief of 
tremor and rigidity have been obtained. This area 
seems to start at a point midway between the foramen 
of Monro and the pineal gland and to extend back- 
wards to a point 7 to 8 mm. in front of the pineal 
gland. In the antero-posterior projection of the 
radiograph the centre of the area occupies a point 
14 to 20 mm. lateral to the midline (Fig. 2). Details 

















as to the possible structures involved in this type of 
lesion have been given in a previous anatomical 
paper. It is not clear at this time if the small varia- 
tions in the radiological location of that point from 
which specific response regarding relief of tremor 
and rigidity can be obtained are due to differences 
in the radiological projection of the thalamus (due, 
in turn, to anatomical variations in that particular 
brain) or if they are related to differences from case 
to case regarding the physiological mechanisms 
responsible for the tremor and the rigidity. 

Lesions within this area, No. 6, especially in its 
posterior part, have resulted in relief of tremor and 
rigidity in practically every case. It should also be 
noted that we have observed with this type of lesion 
a return of the fine voluntary movements of the 
fingers, usually within a period of minutes after 
placing the lesion. Lesions confined to the limits of 
area No. 6 have not resulted in any ill effects. In 
several cases we have observed a certain spatial 
arrangement within this area, in such a way that 
following insertion of the needle the relief of the 
leg symptoms would be obtained from a point 
postero-caudal in relation to that point affective for 
the relief of the arm symptoms. 

Area No. 7 occupies a zone immediately dorsal 
and posterior to that of area No. 6. Anatomically, it 
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seems to represent a different zone of the thalamus 
and, according to our own anatomical studies, areas 
Nos. 6 and 7 affect different structures and cannot 
be in the same thalamic nuclei, even if one takes into 
account the widest possible margin of radiological 
and anatomical variations. Since the results in some 
cases with lesions at the level of area No. 7 have been 
very similar to those obtained at area No. 6, it must 
be assumed that either two different areas can 
respond in a similar manner, or that we are inter- 
rupting the same pathway at two different levels. 
This also applies, with certain limitations, to point 
No. 8, discussed below, and if the concept is widened 
it would similarly include the favourable pallidal 
lesions. 

Area No. 8 seems to involve the posterior segment 
of the most ventral part of the lateral thalamus, 
which receives fibres from Forels fields and, in part, 
the post-rubral radiation of the brachium con- 
juntium. Lesions in this area have been followed by 
relief of tremor and rigidity with a good return of 
fine voluntary motion, accompanied by a variable 
degree of temporary incoordination of the limbs, 
which is manifested by past-pointing, swaying of the 
raised limb, and a certain clumsiness in manipulation. 
These signs, minimal in most instances, have cleared 
within a period of three weeks with maintained relief 
of tremor and rigidity. Usually, these “cerebellar” 
signs have been more marked in the medial part of 
area No. 8. It is possible that the lowermost segment 
or area No. 8 may also involve projections to or 
from the substantia nigra. 

The thalamic lesions at the indicated points have 
consistently resulted in an immediate and complete 


relief of tremor and rigidity. Except for the occur- 
rence of temporary incoordination at point No. 8, 
no ill effect seems to result from these lesions. A 
complete looseness or hypotonicity of the affected 
limbs, without weakness and with full range of 
voluntary motion, can be observed within seconds or 
minutes after inflating the balloon in these sites. It 
should be noted, however, that the exact point of 
specific response seems to vary a few millimetres 
from patient to patient, and that careful, persistent 
testing is necessary before considering a placement 
as final. 


Areas of Serious Complications.— Points ‘marked 
9 in Fig. 7 are based on the radiographs of seven 
patients who developed weakness of the contralateral 
extremities when the needle reached that particular 
level or when the balloon was inflated in that region. 
The motor impairment varied from a weakness of 
grip and heaviness of the arm and leg to a complete 
flaccid paralysis. All of these patients but one 
recovered within a period of two to four weeks. In 
four of the cases, recovery has been complete. Two 
show residual signs, namely, increased deep tendon 
reflexes, slight weakness of the hand, and some 
limitation in the fine movements of the fingers. The 
remaining patient still has a moderate hemiparesis 
nine months after surgery. Every one of these 
patients developed an immediate contralateral sign 
of Babinski and three of them with lesions in 
the dominant hemisphere had language difficulties 
which followed the same favourable evolution as the 
hemiparesis. It is to be noted that these patients 
with presumably localized capsular lesions remained 
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alert and fully conscious in contrast to those patients 
who developed motor deficits as a result of intra- 
cerebral haemorrhage. 

This area 9 is immediately lateral to area 6 in our 
charts. The internal capsule curves at that level 
around the lateral and caudal aspects of the thalamus. 
According to our clinical experience, the motor fibres, 
the lesion of which would cause a hemiparesis, are 
concentrated in a narrow band behind the mid-point 
in the foramen-pineal line. 

There have been two additional cases in which a 
hemiparesis was produced on the operating table. 
These two patients had had previous surgery at the 
level of point 4, that is, involving the pallido-fugal 
fibres and the anterior third of the posterior limb 
of the internal capsule. No motor deficit resulted 
at that time, but the symptoms (Parkinsonian 
tremor and rigidity in one case, and dystonia muscu- 
lorum deformans in the other) eventually recurred. 
The patients were operated on again and in both 
cases the needle entered area No. 9. The hemiparesis 
which resulted was not of the flaccid type. On the 
contrary, spasticity developed within a matter of 
minutes. The hand of the patient could be seen 
closing and acquiring the posture of a long-standing 
hemiparetic limb. Both patients improved a great 
deal with the passing of time, but residual spasticity 
remained. Whether this phenomenon was due to a 
double lesion affecting pyramidal and parapyramidal 
fibres remains open to speculation. 

Point No. 11 of this chart represents that area 
from which sensory abnormalities have been 
observed. The changes have been in the form of a 
hypaesthesia and hypalgesia affecting light touch, 


pin prick, temperature, and pain threshold as mea- 
sured by galvanic stimulation. These sensory changes 
have been observed in a total of eight cases. In two 
of them they were in the form of a hypaesthesia and 
hypalgesia affecting subjectively the entire contra- 
lateral half of the body. Objectively, the sensory 
changes were more marked on the face and distal 
part of the extremities. One of these patients has not 
been available for follow-up examination. The other 
patient, one year after surgery, still has subjective 
hemisensory changes, but on objective examinations 
only patchy areas of hypaesthesia and hypalgesia 
could be observed on the affected side of the body. 
The remaining five patients had sensory changes of 
a similar nature, but limited to the perioral area and 
to the index finger in one case, and the tips of the 
second, third, and fourth fingers in the remaining 
four patients. These changes subsided subjectively 
and objectively in a period of one to three weeks 
following surgery. 

There have been no cases in which position or 
vibration senses have been affected. 

Lesions at the level of point 10 have resulted in 
contralateral involuntary movements in 11 patients. 
These movements are difficult to describe as a 
clinical entity and in some cases resemble hemi- 
ballistic movements, and in other cases they took 
the form of a choreoathetosis. The hand alone was 
involved in five cases, the arm and the leg in three 
cases, and the entire contralateral side of the body in 
three cases. Those cases with movements limited to 
the hand cleared spontaneously in a maximum of 
two weeks. Those cases with movements in the arm 
and leg cleared spontaneously between one to three 
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weeks following the onset. Every one of these eight 
cases eventually had a complete relief of tremor and 
rigidity in the involved extremities. 

Of the three cases with severe choreoathetosis, two 
of them occurred following bilateral operations, and 
one of them after a unilateral operation. One of the 
bilateral cases cleared totally after two weeks of 
severe choreoathetosis and resulted in complete 
relief of tremor, rigidity, and bradykinesia. The 
second of the bilateral cases had mild involuntary 
movements at the time of discharge from the hospital 
six weeks after surgery. One patient in this group 
developed a severe contralateral hemiballismus a few 
hours after surgery. The involuntary movements 
slowly subsided and had virtually disappeared within 
four months at which time the patient died as a 
result of a carcinoma of the head of the pancreas. 
Post-mortem examination of the brain revealed a 
small lesion affecting the fields of Forel and the 
lateral half of the subthalamic nucleus of Luys. This 
is probably the same area involved in the other 
patients with lesions at point 10. Radiologically, 
point 10 appears at a level 5 to 9 mm. below the 
middle third of the foramen-pineal line and 4 to 10 
mm. from the midline. 

This series of cases of surgically induced involun- 
tary movements will be the object of a detailed report 
at a later date. 

Point No. 12 in Fig 7 represents a region in which 
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surgery has resulted in ataxia, incoordination, and 
marked hypotonus. These effects are not really 
serious complications. There has been a gradual 
recovery in every case and the initially ataxic, 
hypotonic side has returned to normal function with 
a maintained relief of the tremor and rigidity. 

In Fig. 8 we have summarized some of the points 
of the previous charts, those from which motor or 
sensory deficits have been produced, thus giving a 
radiological and clinical outline of the distribution 
of the fibres of the internal capsule. Basically this 
outline is in agreement with the known distribution 
of anatomical fibres. We have, however, found that 
those lesions that seem to be responsible for contra- 
lateral weakness of the limbs are distributed more 
posteriorly than one would expect from the standard 
descriptions in anatomical textbooks. That is, those 
fibres carrying motor impulses to the contralateral 
extremities are affected only by lesions at least 15 
mm. behind the foramen of Monro at the level of 
the foramen-pineal line, well behind the so-called 
genu of the capsule. The question of level of depth 
of the lesion is important when one considers the 
distribution of fibres in a sagittal plane because of 
the double curvature in the internal capsule. This 
curvature is such that the so-called genu of the 
capsule becomes displaced posteriorly as the fibres 
run downward. 

As can be seen in Fig. 8, facial weakness has been 
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obtained from the anterior segment of the posterior 
limb of the capsule. When a more posterior segment 
of the capsule is affected by a lesion the arm will 
show more marked deficit than the leg without 
evidence of a specific distribution of fibres. This is 
the same phenomenon clinically observed after 
cerebral vascular accidents. 

A similar finding of greater susceptibility of the 
hand and facial fibres have been found at point 11 
from which sensory changes were obtained. In most 
instances the face and the hand, especially the index 
and middle fingers, showed the more pronounced 
subjective and objective sensory deficits irrelevant 
of the special point of lesion. 

Fig. 9 emphasizes some of the points of Fig. 6 in 
relation to the clinical evolution of case No. 297, 
Mrs. C. C. This 61-year-old woman with Parkin- 
sonism manifested primarily by tremor and rigidity 
in the right extremities underwent a left transfrontal 
chemopallidectomy with placing of a well localized 
lesion at point No. | of Fig. 9. Complete relief of 
rigidity with recurrence of the tremor 10 days after 
surgery resulted. There were no neurological deficits. 
Re-operation was decided upon, and the needle was 
inserted and the balloon inflated at point No. 2 of 
Fig. 9. Immediately right flaccid paralysis and motor 
aphasia resulted. The balloon was at once deflated 
and the needle withdrawn. Progressive recovery of 
the motor symptoms and aphasis followed and at the 
end of two weeks the patient was in the same state as 
before her second operation, tremor included. The 
third operation was carried out four weeks later. 
This time the lesion was successfully placed at point 
No. 3 of Fig. 9 with immediate relief of the tremor 
and no signs of neurological deficits. This patient 


has been followed for over one vear and has remained 
free of tremor and rigidity in the right extremities 
with normal function of the hand and no signs of 
involvement of the pyramidal tract.* 

Fig. 10 is a composite drawing of the favourable, 
unfavourable, and “neutral” lesions as they appear 
in the radiographs. Areas from which good clinical 
results have been obtained without neurological ill- 
effects are represented in green. Lesions which have 
resulted in neurological complications are repre- 
sented in red. And finally, those “in-between” areas 
where results have been inconstant or temporary and 
the side-effects, for the most part, negligible, are 
represented in blue. 

Two things should be emphasized: first that there 
is no sharp limit between the green and blue areas, 
although there seems to be a narrow margin of 
safety between blue or green and red areas, especially 
at posterior-external and posterior-inferior levels. 
Second, that we are dealing with tri-dimensional 
structures that are represented here in two dimen- 
sions, and consequently, there is a superimposition of 
areas which cannot be shown in the figures. For the 
representation, preference has been given to the red 
in both antero-posterior and lateral projections; any 
lesion which falls within a red area either in the 
antero-posterior or in the lateral view is likely to be 
without clinical benefit and result in a neurological 
complication. 


Conclusions 
The most constant and complete relief of both 
alternating tremor and rigidity is obtained from a 





*Since this paper was submitted the same patient has been success- 
fully operated on for her other side. 
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lesion in the region of the ventrolateral nucleus of the 
thalamus. No abnormal sensory, motor, intellectual, 
or psychological abnormalities result from such a 
lesion. This lesion is the one of choice for treatment 
of both tremor and rigidity. 

Involvement of cerebellar pathways to the ventro- 
lateral thalamus undoubtedly contributes in some 
measure to the effectiveness of this lesion in alleviat- 
ing Parkinsonian tremor and rigidity. 

Lesions of the mesial globus pallidus, the efferent 
pallidal pathways, and the antero-ventral thalamus 
provide good relief of rigidity but less consistent 
relief of tremor. However, in some cases, tremor, 
which was incompletely relieved by a lesion in this 
complex, will gradually disappear completely within 
two or three months. 

The areas responsible for neurological complica- 
tions are distributed in a predictable manner, in 


such a way that those complications can be pre- 
vented—or when they occur be explained—in terms 
of the radiological placing of the lesion. 
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SOME ASPECTS OF THE EFFECTS OF ACUTE RESERPINE 
TREATMENT ON BEHAVIOUR 


BY 
PETER H. GLOW 


From the Medical Research Council Group for the Experimental Investigation of Behaviour, Department of Psychology, 
University College, London 


Hitherto behavioural investigations with reserpine 
have been confined to the use of very small doses, 
doses which weight for weight are considerably 
lower than those used in clinical work. Sidman 
(1956) used a Skinner lever pressing apparatus for 
investigating the effect of up to 0-1 mg./kg. reserpine 
on work under different reinforcement programmes. 
Smith, Wagman, Wagman and Riopelle (1956), 
investigating the effects of reserpine on conditioned 
avoidance behaviour in monkeys with brain lesions, 
used doses between 0-15 and 0:37 mg./kg. However, 
pharmacologists have reported interesting effects 
with more substantial doses in a variety of species. 
In particular, attention can be drawn to the atypical 
sedation induced by the drug. Unlike other depres- 
sants of the central nervous system, e.g., barbiturates, 
reserpine produces no anaesthesia, as animals can 
always be roused by external stimulation. Further, a 
paradoxical behaviour and electro-encephalographic 
pattern appears. Rats, for example, appear chroni- 
cally sedated to the observer but have an alerted 
E.E.G. At the same time the limbs of drugged rats 
can be positioned in catatonic-like postures, deep 
body temperature falls steeply, and the sympathetic 
division of the autonomic nervous system appears 
to be blockaded. 

Subsequent reports will deal with experiments 
designed to determine the connexion between the 
pharmacological and physiological properties of 
the drug and behaviour. The present paper is con- 
cerned with accounts of the drug concentrations 
and the time factors which are involved in a be- 
havioural disturbance induced with reserpine. In 
order to accomplish this it was necessary to discover 
the course of the reserpine disturbance in the rat-— 
the onset, the duration, and the time of recovery—by 
employing some behavioural criterion. For this 
purpose two measures were employed, response 
latency, that is, the time taken by the rat from the 
moment of entry into the apparatus to when it 
began to run, and a locomotor time score obtained 
from a straight runway apparatus. It was held that 


latency could be taken as the time required for the 
rat to organize its response in a given situation. In 
view of the known high specificity of reserpine 
treatment on the central nervous system it was 
postulated that this measure would be adequately 
sensitive. | Locomotor efficiency was tested by 
measuring the time taken by the rat to move over a 
fixed distance. A 100 decibel mixed frequency noise 
generator was used to induce running behaviour in 
the apparatus after a criterion latency time had been 
exceeded. 


Design 

A concomitant variation design was used for this 
experiment. The work was spread out over three weeks, 
with the middle week as a control period, in order to 
ensure that there would be no carry-over effect in the 
treatment in the first week to the third week. The design 
is set out in Table I. The behavioural measures em- 
ployed were latency of response and running time. The 
two controls were, first, the vehicle in which the reserpine 
raw material was dissolved,* and secondly, an equal 
volume of distilled pyrogen-free water. Owing to the 
long delay found in the drug’s onset, and the relatively 
large number of animals treated, it was decided to test 
the drug’s activity every quarter of an hour after injection. 
The number of test-hours was limited to five. Pilot runs 
with scrub animals showed that recovery could not be 
expected for from 24 to 36 hours. On the morning after 
treatment, i.c., 22 hours, rats were placed in the 
apparatus every hour and tested for recovery. 

All animals were randomly assigned to a particular 
treatment. Litter mate controls were not considered. 
After each part of the experiment had been concluded 
all rats were again assigned at random for the new 
treatment and rested for seven days, although they were 
maintained on running schedules. One of the complex 





*The reserpine raw material employed in the first week of the 
experiment was kindly supplied by CIBA Laboratories. The reserpine 
was made up in an appropriate injection vehicle. 

The formula employed was:— 

Reserpine. . 

Ascorbic acid 

Sodium bicarbonate 
Distilled water to | mi. 


. 100 ug. 
. 456 mg. 
. 80 ug. 
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TABLE I 
EXPERIMENTAL DESIGN 





Treatment 





No. of Rats per | 


| 
| Order Treatment Dose Measure 
Week |: Randomly assigned | Experimental Group I 5 6 ug./kg. Latency and running time 
} - Group II > oo on to 
| mm Group III 5 50 ,, 
* Group IV 5 100 ,, 
Week 2: Randomly assigned | Control | 10 1 ml. distilled water 
again | mt 2 10 I ml. reserpine vehicle | 
Week 3: Randomly assigned | Experimental Group V 5 0:6 mg./kg. 
again | Group VI 5 Mae oe ; 
Group VII $s 2:5 e 
| Group VIII 5 3 . 





problems which bedevils this type of study is to select 
the correct, i.e., suitable for the experimental require- 
ments, range of drug dosage levels. If one considers the 
intensity of the effect of the drug as being related to its 
concentration in the body, then the intensity may vary 
from the imperceptible to one which is so severe as to be 
useless. Hence 10 mg./kg.-of reserpine, while not fatal, 
produces symptoms of such apparent severity that the 
rat, which is violently ill for several days, is useless for 
the continuation of the experiment. The range of drug 
concentrations was selected so that in the first experi- 
mental trials the dosages were worked up in geometric 
progression, from a dose level known from the pilot 
work to be ineffective. In the second experimental trials 
the dosages were worked down in a geometric progres- 
sion from a known high level, that is 10 mg./kg. This 
procedure permitted a most economic sampling along 
the drug dosage continuum. A noise generator was 
employed in order to test the susceptibility of drugged 
rats to auditory stimulation. 


Subjects 
The subjects of these experiments, 20 male albino rats 
obtained at weaning, were from the Medical Research 
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floor. 
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Council Toxicology Unit, Carshalton, Surrey. The 
animals were uniformly handled and treated throughout 
the experiment. They were fed on the approved Medical 
Research Council diet 41B (Bruce and Parkes, 1949). 
At 80 days the rats were placed on a two-hour feeding 
schedule. Training in the apparatus started at the age 
of 100 days. Experimental and control injections were 
made intraperitoneally. 


Procedure and Apparatus 
Experiments were conducted in a 2}-metre runway 
under hunger motivation. All aspects of this procedure 
and the apparatus have already been described in detail 
(Glow, 1957). 


The Effect of Reserpine on Behaviour 

In the rat, reserpine produces a state of relative 
immobility associated with some degree of peripheral! 
tremor. The rat’s body is hunched tightly together, 
with the head sagging to the floor. The back legs 
are splayed out, probably in order to balance the 
body weight adequately (Fig. la and 5). Using a 
drug dosage level of 5 mg./kg., it becomes possible to 
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Splayed back legs in rat. 


Position of head when animal is placed on the 
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Fic. 2a 


Fic. 2a.—Atypical positions of limbs. 


Fic. 2b. 
the head, when animal is held. 


place and keep the rat’s limbs in atypical positions 
(Fig. 2a). This positioning of the rat’s limbs must 
be done slowly and gently so as not to constitute 
sufficient stimulation to arouse the animal. An 
adequate arousal stimulus will produce a righting 
reflex and typical body posture adjustment. The 
chronic ptosis seen with reserpine treatment is the 
first characteristic symptom to appear and the last 
to be extinguished, being present in varying degrees 
from 30 minutes after injection to 72 hours. For 
the first 18 hours reserpine-treated rats deprived of 
food showed no interest in it. After this period 
elapsed, rats almost attacked food, eating voraciously 
for a short period, and then generally relapsing back 
into the tranquillized state. A condition of increased 
appetite to the point of “ true polyphagia * was also 
“universally ** found in schizophrenics as a result 
of reserpine treatment (Tasher and Chermak, 1955). 

The rat’s condition is marked by the frequent 
spasmodic and jerky head and limb movements. 
These spastic, paralytic-like movements are found 
particularly in the region of the head and neck. 
The motor disturbance observed was never flaccid, 
as the limbs when moved by the experimenter 
offered a continuous resistance. The resistance to 
passive movement appears to be a function of the 
rate and degree with which the pressure is applied. 
Gentle placement produces less resistance than when 
the limb is pushed energetically. Muscle tone 
appears to ve continuously high. Drugged rats, when 
placed on their backs have frequently assumed a 
foetal-like posture, instead of the usual righting 
reflex response. In these cases the animals have 
attempted to lock their front and hind paws to- 


Interlocking of hind paws in rat, 


and position of 


Fic. 2b 


gether, while lying on their convex-shaped backs. 
An example of hind paw locking may be found in 
Fig. 2b. Reactions to tactile stimulation, e.g., the 
vibrissae is negligible, as indeed are responses to 
what would normally be considered painful stimula- 
tion. The position in which the animal is held in 
Fig. 24 is tolerated for as long as the experimenter is 
prepared to hold the rat. Particularly noteworthy is 
the position of the head in this figure. When using 
ether or barbiturate sedation the head sags between 
the shoulders when the rat is held in this position. 

The effect of auditory stimulation is difficult to 
assess. Rats make no attempt to move away from 
a source of noise of approximately 100 decibel mixed 
frequency, there being no head deflection. It was 
possible that the external pinnae moved to locate 
the source of the sound, but such movements were 
confused by the tremor and spasmodic jerking of 
the head. There was some tendency during the 
noise for the hyperkinetic symptoms to increase, 
the incidence falling off when the noise was switched 
off. 

The effect of visual stimulation was difficult to 
evaluate. The eyes are generally completely shut 
by the drug’s effect. A 100-watt light source brought 
close to the rat’s eyes causes no head deflection. 
On the other hand rats appear to avail themselves of 
the light as a source of heat. One of the most remark- 
able features of this tranquillizing agent is the 
paradoxical aggression produced 24-36 hours after 
administration to the albino rat. If the rat is 
disturbed at this time it will indiscriminately and 
viciously attack the experimenter or any item 
introduced into the cage with a fury seldom seen 
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among normal tamed laboratory rats. This phase 
wears off quickly and the animal resumes its usual 
posture and tremor. This aggression can also be 
invoked by relatively light stimulation of, e.g., the 
vibrassae. An interesting fact is that once such an 
aggression has taken place, it does not occur again 
even with quite painful stimulation. 


Results 


The results from this preliminary experiment fall 
into two kinds; those which compare the controls, 
and the effect of the drug, and those which are con- 
cerned with the differential effects of the drug on 
various treatment groups. In Table II is shown the 
mean scores of two groups of 10 rats. These con- 
stitute the two control groups. The table is com- 
prised of 20 scores, progressively arranged, so that 
each score is a sample of the rat’s behavioural 
capacity, taken at qudrter-hour intervals from the 
time of injection. 

By inspection it would appear that there is no 
difference in the effects of the two treatments. The 
animals rapidly settled down to a fairly steady level 
of performance, which was maintained for a number 
of hours. In all the observations given, it is difficult 
to use a convenient statistic to calculate possible 
significant differences between groups. This is due to 
the dependence that exists between successive 
observations on the same subject. In order to offset 
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TABLE II 
MEAN TIMES OF CONTROL GROUPS 
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All means were taken to the nearest whole number. 


significance between the total latency times of the — 
animals in each group was undertaken. Using the ~ 
t test for unrelated means, it was found that — 
t = 0-:0034 with 18 degrees of freedom, which is 
insignificant at the 5% level. 

In Table III may be found the mean times for all 


the statistical difficulty encountered, a test of experimental groups. These results have been set 


TABLE III 
MEAN EXPERIMENTAL TIMES OF FIVE RATS IN EACH GROUP GIVEN RESERPINE 
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Pout in the same progressive order used in Table II. 
The cessation of running behaviour was obtained 
two hours after injection. At that trial the animals 
would not move either during the maximal five- 
minute latency, or during the succeeding two minutes 
with the noise generator switched on. In considering 
the latency times of the four high-dosage experi- 
mental groups, and comparing these with the per- 
formance of the reserpine vehicle controls in Table II, 
it is apparent that the behaviour changes can be 
safely attributed to the effects of reserpine. 

It was thought instructive to examine the data 
from the experimental groups and test the null 
hypothesis that there was no relation between all 
the treatment groups and the behaviour breakdown 
observed. The data have been set out in a 2 by 2 
table in Table IV. 


TABLE IV 


TABLE V 
RECOVERY AFTER RESERPINE ADMINISTRATION 





| Treatment 


No. Rats Given 
2:5 mg./kg. 


Time Hour 
after 
Injection 


No. Rats Given 
5 mg./kg. 
1j2/3]/4¢[sial2][3]els 





Run No Run 


Groups I to IV 20 


0 
Groups V to VIII 20 20 


20 40 





Table IV yields a yx? = 361 with | degree of 
freedom using Yates correction for continuity, a 
result comfortably beyond the 0-01 level of sig- 
nificance. 

Animals in experimental treatments VII and 
VIII, i.e., drug dosages of 2:5 mg./kg. and 5 mg./kg., 
were tested for the time of recovery. The criterion 
of recovery had to be an approximate one. The 
reason for this was that between 18 and 24 hours 
rats may make one run, eat ravenously for the per- 
mitted 15 seconds, and then relapse, making no 
further attempts to move. At this hour the effect 
of auditory stimulation in some cases induces a 
locomotor response, and not in other cases. To 
offset this recording difficulty the following criterion 
of recovery was adopted. Each rat had to make 
three successive hourly runs without the auditory 
stimulation. The middle run was then taken as the 
criterion of recovery (Table V). An examination 
of the recovery times seems to indicate that it is 
influenced by the drug concentration used in the 
treatment. The non-parametric, Mann-Whitney test 
(Siegel, 1956) can be used to determine the assump- 
tion that the treatment of Experimental Group VIII 
(S mg./kg.) will have the slower rate of recovery. This 
test yielded a U = 3. This result can be held to be 
significant at the 3% level on the one-tailed test 
(Siegel, 1956). Only latency times are specifically 
dealt with in this section. Running times are not 
considered, as they yielded very much the same level 
of information, without adding fresh substance to 
the arguments raised in the discussion. 


Discussion 

From an examination of the results it is clear that 
there is a substantial delay period before the action 
of reserpine on behaviour becomes effective. This 
delay period terminates approximately two hours 
after intraperitoneal injection. There is very little 
scatter in these results. The actual time in which 
the onset of the drug’s action occurred, as measured 
by latency scores, was very rapid, although neuro- 
logical indications appeared very much earlier. Once 
the onset has occurred there was no intermittent 
remission observed during the experimental period. 
The effect of high levels of white noise was negligible, 
and perhaps interesting in that it produced no 
behavioural response. 

The behavioural changes produced by reserpine 
can be safely attributed to the use of this alkaloid. 
The use of an injection vehicle control has shown 
that the effect is only apparent in the presence of the 
reserpine. At the same time the effect cannot be 
considered to be due either to the injection or to the 
fluid volume per se as shown by the sterile water 
control group. 

There is relatively greater variation in the recovery 
times than in the onset. Recovery, as was defined 
here, is operational, namely, the mean hour of three 
successive responses. It is suggested by the data that 
recovery is a function of the amount of drug injected. 

Of greatest interest are the relatively long-term 
and drastic behavioural charges which are induced 
by reserpine. It is becoming reasonably clear that 
the peculiar effects on the central nervous system 
associated with reserpine are due to the substance 
itself. Sheppard, Lucas, and Tsien (1955) injected 
radioactive reserpine intravenously (400 jg.) into 
adult male rats. They demonstrated that reserpine 
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disappeared extremely rapidly from the blood 
stream, there being only 0-3 °%% remaining two minutes 
after injection. There was no cerebral concentration 
of C-labelled reserpine detectable six hours after 
its administration. However, as has been demon- 
strated, some central disturbances induced by this 
drug persist for a remarkably longer period than 
could be accepted as being due directly to the 
presence of reserpine. The latency and persistence 
of the sedative and tranquillizing reaction can most 
conveniently be examined at the biochemical level. 

Some authors have speculated that those observed 
disturbances that cannot be attributed to reserpine 
are linked to disturbances in 5 hydroxytryptamine 
(5S HT) and noradrenaline metabolism. Hess, Shore, 
and Brodie (1956) have demonstrated that reserpine 
has a 5 HT-releasing property for rabbit brain tissue. 
The 5 HT content, which is normally 0-55 yg./g., 
fell rapidly after intravenous injection of reserpine 
(5 mg./kg.) so that by 30 minutes the brain 5 HT 
had declined about 75°%% and in four hours about 
90%. This low level of brain 5 HT persisted for 
36 hours and then slowly rose to normal values 
over seven days. 

The 5HT-releasing property of reserpine is 
neither tissue nor species specific. Paasonen and 
Vogt (1956) reported that as little as 0-5 mg./kg. 
reserpine reduced the level of 5 HT in the dog brain 


-Mean latency after 5 mg./kg. reserpine in relation to cerebral 5 HT and noradrenaline. 


to vanishing amounts. Using human subjects, 
Haverback, Shore, Tomich, and Brodie (1956) have 
shown that the successive administration of very 
small doses of reserpine reduces the capacity of 
blood platelets to retain 5 HT, indicating that 
reserpine can act in a cumulative manner. The 
authors were also able to demonstrate this cumula- 
tive effect of small doses of reserpine on rabbit brain 
tissue. In a human study, Hardisty, Ingram, and 
Stacey (1956) reported that | mg. intramuscular 
reserpine removed virtually the whole 5 HT in 
blood platetets, and at the same time impaired the 
ability of platelets to absorb 5 HT. These findings 
have been confirmed for the rat by Erspamer (1956), 
who was one of the original discoverers of 5 HT as 
a normal body constituent. 

Similar findings have been reported on the effects 
of reserpine on cerebral noradrenaline concentration. 
Holzbauer and Vogt (1956) found that reserpine 
(0-4 mg./g.) reduced the noradrenaline concentration 
of the cat’s hypothalamus from its normal 1-4 yug./g. 
fresh tissue to between 0:2 and 0-6 g/g. These 
results have been confirmed by Shore, Olin, and 
Brodie (1957) in the rabbit. 

An attempt can be made to relate these bio- 
chemical findings to the behaviour. In Fig. 3 the 
graph is designed to show the time relationship 
between the fall in 5 HT and noradrenaline con 
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centrations and the rates of recovery in conjunction 
with the latency data reported in this experiment. 
With the precaution in mind that this approximation 
involves different species it can be seen that the 
behavioural effects are roughly correlated to specific 
changes in the biochemistry of the central nervous 
system rather than to the specific effect of reserpine. 
A second interesting correlation can be made 
between the dosage levels of reserpine found in this 
experiment to have dramatic consequences on 
behaviour and the noradrenaline and 5 HT levels 
in the brain-stem four hours after the administration 
of equivalent doses (Fig. 4). 

One important factor must be considered in 
evaluating these biochemical effects in relation to 
behaviour. While in the case of 5 HT there is 
apparent depletion in cerebral concentrations there 
is, however, actually an increased turnover rate 
of the compound as distinct from noradrenaline 
activity which only shows a depletion. Udenfriend, 
Weissbach, and Bogdanski (1957) have provided 
evidence that potentially more 5 HT can be des- 
troyed than can be made in a given time. As 5 HT 
continues to be formed, though no longer bonded, 
owing to the reserpine effect, there exists not only a 
high level of 5 HT activity, but also a very rapid 
‘turnover of this substance. These authors have 
lemonstrated with radioactive studies that the half- 
‘ife of cerebral 5 HT is of the order of one to two 


hours. Thus, though at any particular moment the 
5 HT assay reveals a relatively low cerebral con- 
centration of 5 HT after the administration of 
reserpine, in point of fact the activity and turnover 
is increased many times. 

From the consideration of the biochemical and 
behavioural evidence the following at least tentative 
conclusions can be drawn :— 

(1) The behavioural decrements found with 
reserpine treatment cannot be ascribed to the 
specific action of this drug per se. 

(2) The decrements as measured in this experi- 
ment are related in time to changes in 5 HT and 
noradrenaline activity in the central nervous system. 

(3) There is some indication that while noradrena- 
line levels are relatively depleted there is an increased 
turnover of cerebral 5 HT. 

The effects of reserpine on other amines has as 
yet not been investigated, though it is not unlikely 
that these would also show some change. The 
behavioural disturbances induced are associated 
with a number of marked physiological changes, 
such as a fall in deep body temperature and an 
extrapyramidal syndrome and a blockade of the 
sympathetic system. In Part II these physiological 
factors will be examined and some attempt will 
be made to examine these as the possible causal 
factors underlying the behavioural response of the 
rat to reserpine. 
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PART II: 
PHYSIOLOGICAL AND PHARMACOLOGICAL MECHANISMS 


The mediating physiological and pharmacological 
mechanisms which may have been causally con- 
nected with the behaviour disturbance are the subject 
of Part II. 

Three sets of experiments are reported in which 
several plausible hypotheses are advanced and 
investigated. In all cases the rats were tested for the 
effects of the treatment on latency and running 
times, as this procedure has been shown to be 
sensitive to the effects of drugs which affect be- 
haviour. 


Experiment I 


One of the most striking syndromes induced by 
reserpine is an overactivity of the extrapyramidal 
motor system. This is indicated by the presence 
of a rhythmic alternating tremor in the region of 
the head and neck with an apparent paralysis of the 
limbs. This latter state is also associated with a 
rigidity in the limbs on passive movement. Owing 
to the disturbance the rat can be placed in catatonic- 
like postures. Similar accounts have been given of 
patients overdosed with reserpine (Kinross-Wright, 
1955). Such patients have developed a condition 
simulating paralysis agitans with paralysis of 
volitional movement. Spontaneous recovery oc- 
curred when the drug was withheld from patients. 
In these circumstances it was thought not unlikely 
that the total behaviour breakdown found in the 
experimental situations with the rat may be attri- 
buted to a motor paralysis of central origin. 

Experimental neurophysiological studies implicate 
the involvement of subcortical structures in the 
aetiology of paralysis agitans. Jenkner and Ward 
(1953) found that high frequency electrical stimula- 
tion of any part of the medial reticular formation 
of the brain-stem in monkeys produced a rhyth- 
mically alternating peripheral tremor analogous to 
paralysis agitans. These experimentally evoked 
tremors could be reduced or abolished by the 
administration of anticholinergic drugs, in particular 
those drugs which are clinically most useful in the 
symptomatic and palliative treatment of Parkinson’s 
syndrome. These results were confirmed and 
elaborated by Rinaldi and Himwich (1954). Rinaldi 
and Himwich (1955) were also able to show that 
reserpine administration (0-05 mg./kg.) produced 
an altered E.E.G. and demonstrated that this arose 
from an activating system which included the 
reticular formation. 

It was supposed largely on empirical grounds that, 
if remission of symptoms can be produced with 


atropine in both the clinical condition and in the 
simulated disorder, a similar effect may be derived 
in the pharmacologically induced condition. The 
hypothesis formulated was that the symptomatic 
relief of the motor condition in the rat may be 
instrumental in producing a “ normalized” be- 
havioural response. 


Design.—This experiment took place over five days. 
One rat from each of the two treatment orders was 
employed on every experimental day. In the experimental 
design five rats were randomly assigned to each of two 
treatment orders. In the first treatment order atropine 
was administered, followed an hour later by the injection 
of reserpine. This treatment was succeeded by a control 
injection of water. In the second treatment order a contro! 
injection of water was administered followed an hour 
later by the injection of reserpine. This treatment was 
concluded by the injection of atropine. Latency and 
running time measures were taken quarter-hourly 
throughout the experiment. 

The design can be graphically presented as follows: 





No. of 
Animals 
Treated 


Time in Hours 


Group | : 
eS 4 a. a2 £2.23 & 2 


A Atropine Reserpine Water 


B | Water Reserpine Atropine | 





The design serves the twofold purpose of testing 
whether atropine had a prophylactic and/or therapeutic 
effect on reserpine-induced locomotor disturbance, and 
at the same time permits the two treatment orders to be 
used as mutual controls. 

The drug dosages were made up as follows: Reserpine, 
5 mg./kg., and atropine sulphate in a distilled water 
solvent, 120 mg./kg., were made up in | ml. volume and 
injected intraperitoneally. Distilled pyrogen-free wate 
was administered as a control in a volume of I ml. The 
use of 5 mg./kg. reserpine was designed to permit per- 
formance comparisons to be made with the data from 
previous experiments. In particular the catatonic-like 
behaviour found with the use of this dosage level could 
be reproduced. The dosage of atropine sulphate was 
determined on normal scrub rats. These animals were 
injected with varying doses and tested for any resultant 
violent motor excitation. It was found that with doses 
much over 150 mg./kg. some excitation occurred. The 
actual tolerance level of atropine in the rat is very 
high, in the region of 500 mg./kg. intraperitoneally 
(Willberg, 1914). 


Results.—The results when considered from both 
the viewpoint of latency and running time are 
negligible. All rats, irrespective of the treatment 
order, succumbed to the effect of reserpine between 
one and a half and two hours after administration 
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The mean data are set out in Table VI. The rats 
remained inactive for up to 36 hours. The effect 
of the noise generator on three of the rats treated 
with atropine was to induce an audiogenic seizure. 


TABLE VI 
MEAN LATENCY AND RUNNING TIME 





A B 





Running | Running 
Time 
4 | ph 
3 
7 | 
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18 
227 7 
370 — 
Experiment terminated. 


| Latency | | Latency 
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Grovp A treatment order (atropine-reserpine—water}. 
Group B treatment order (water—reserpine—atropine). 


Discussion.—The results are clearly against the 
hypothesis as formulated. It is therefore necessary 


first to consider the efficacy of the atropine treat- 
ment, and secondly the premises on which the 
hypothesis was founded. 

The failure of atropine to alter the effects of 
reserpine treatment could be considered as being 
due to the inadequacy of atropine per se. Ambache 


(1955), in his review on the use and limitations of 
atropine, lists a number of possibilities which could 
account for specific resistance to atropine, e.g., 
the presence of the specific enzyme atropinesterase. 
These, however, are not applicable in this case for a 
number of reasons: for example, atropine produced 
a pupil dilatation and appeared to inhibit salivary 
secretion which was a feature of reserpine medication. 
The administration of atropine appeared to reduce 
the incidence of spontaneous hyperkinetic move- 
ment, catatonic-like positioning became impossible, 
and resistance in the limbs was not felt on passive 
movement. From these factors it can be assumed 
that atropine had an effect on the organism, but 
not the specific effect anticipated, namely, a recovery 
in normal movements. It is therefore highly 
probable that the premises concerning the effects 
of reserpine treatment require re-examination. 

The basic assumption made in treating paralysis 
agitans, whether in the case of the clinical entity or 
experimentally produced lesions, is that damage in 
- the lower diencephalon interrupts the motor fibres 
into the medial reticular formation. Empirically 
it is found that the resulting motor disorder can be 
ameliorated by the administration of atropine or 
atropine-like agents. Jenkner and Ward (1953) 


Suggested that the deafferented cells in the reticular 
3 


formation subsequently become hypersensitive to 
the locally liberated acetylcholine, and further that 
atropine exerted an anticholinergic effect at this 
site. These arguments tend to indicate that the 
motor disorder is related to the predominating 
effects of the cholinergic neurohumoral mechanism. 
Reserpine, however, produces no lesions (except 
perhaps in the biochemical sense) in the basal 
ganglia, nor is the neurohumoral apparatus neces- 
sarily adapted to a higher level of cholinergic 
activity. However, changes in neurohumoral balance 
do occur as a consequence of administration of 
reserpine. These changes are predominantly in the 
direction of a diminution in the sympathetic or 
adrenergic neurohumoral activity. A reduction in 
the adrenergic system produces symptoms which 
could be described as being parasympathetic-like. 
With this point in mind it could be considered 
that the approach employed in this experiment is 
in the wrong direction, namely the use of an anti- 
cholinergic agent should be replaced with the use of 
an adrenergic-like agent. Some support for this 
argument will be found in a subsequent experiment 
reported in this paper. 

The hypothesis that the extrapyramidal syndrome 
observed as a consequence of reserpine administra- 
tion is related to the cessation of locomotor be- 
haviour is not justified by the findings in this 
experiment. Atropine was found to alleviate the 
hyperkinesis, but did not restore the rat to a 
‘**normal”’ level of behaviour. It was also con- 
sidered probable that a different direction would 
have to be taken to locate the neurohumoral factors 
which could be causal to the reserpine-induced 
behaviour disturbance. 


Experiment II 


An alternative mechanism proposed was one 
arising out of profound changes in thermoregulatory 
control. Invariably, reserpine depresses the body 
temperature, the effect being central in origin. There 
is considerable evidence in the general literature 
(Burton and Edholm, 1955) which confirms com- 
mon experience that only a moderate change in deep 
body temperature (as in fever) results in profound 
confusion in mental processes. A hypothesis was 
set up in the following terms. Reserpine induces a 
severe change in body temperature while simul- 
taneously affecting behaviour. The restitution of 
the deep body temperature to normal levels may 
indicate any causal relationship which may exist 
between temperature regulation and the behaviour 
observed. In the event that any causal relationship 
can be found, it may be possible to investigate 
whether this results from a mal-functioning in some 
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higher nervous process, or constitutes a motivational 
failure. 

There are two ways in which this problem can be 
examined. In both methods the essential technique 
is to reverse the thermal gradient in a manner such 
that the animal’s deep body temperature returns to 
normal. First, it is possible to reverse the external 
thermal gradient, whereby the rat gains heat, and 
secondly, one can alter the thermoregulative 
mechanism whereby the rat generates more heat. 

In order to investigate this problem the first 
experiment comprised an attempt to alter the 
external thermal gradient. The requirements are 
basically simple, but were difficult to make effective. 
Five rats were treated with 5 mg./kg. reserpine. By 
six hours, the deep body temperature had fallen by 
2 to 3° C. These animals were placed in the latency 
box of the apparatus, under conditions and training 
procedures that were identical with those used 
hitherto. The back of each experimental animal was 
approximately 2 in. from a continuously radiating 
heat source. The laboratory was thermostatically 
regulated, the room temperature being set at 
20°C. + 3° C. Level with the rat’s back, an ambient 
thermometer was placed in such a manner that the 
distance of the heat source could be varied to give a 
constant temperature of 60° C. It was found that a 
distance of 6-5 cm. between the heat source and the 
rat gave a steady environmental temperature of 
60° C., within 7 minutes 45 seconds. This gave a 
positive heat gradient from 60° C. on the fur to a 
deep body temperature of approximately 35-4° C. 
It was found in practice that within 15 minutes the 
deep body temperature rose to 37:5 and 38:5° C. 
Rats were continuously observed from 30 to 
45 minutes with a raised deep body temperature. 
The observations made with this technique gave a 
clear but only descriptive picture. No behavioural 
changes occurred which could be associated with 
thermoregulatory failure as such. It was found that 
animals made no attempt to initiate locomotor 
behaviour, demonstrated no interest in food, and 
were still catatonic-like when handled. 

There were, however, very many objections to this 
crude procedure. Rats with hypothermia are more 
likely to remain within the immediate vicinity of the 
heat source rather than move along the runway, 
even if the length of the runway has the same 
positive thermal gradient. This observation con- 
firms the results found by Schwartzbaum (1955) 
that rats treated with reserpine showed marked 
thermal preferences, in that they remained in the 
vicinity of a given heat source. It was consequently 
thought desirable to attempt an alternate means of 
readjusting the deep body temperature by artificially 
raising it internally. 


There are a number of clinical disorders in which 
curative fever treatment is employed, e.g., neuro- 
syphylis. For this malarial treatment has been 
conventional. In recent years it has been found 
advantageous to use specific pyrogenic agents. The 
agent used in this experiment was “pyrifer’’, an 
albuminous substance obtained from Bact. coli., a 
non-pathogenic race of microbes. A number of 
preliminary trials were attempted on scrub rats in 
order to determine the number of units (each 
unit 1,000,000 germs per ml.) required to raise 
the reserpine-depressed temperature to a “ normal 
level ’’, i.e., 37-°5° C. The observation made with a 
population of normal but identical strain showed 
that the mean rectal temperature was 37-5° C. with 
a variation + 3° C. This substantially agrees with 
the observations made by Pembrey (1895) on albino 
rats. It was found in practice that 1,000 units 
injected intravenously three hours after reserpine 
raised the temperature to “ normal levels’. It was 
considered desirable to compare the deep body 
temperatures of one group of rats, while simul- 
taneously testing the behaviour on a litter mate 
group. 


Design.—Five male litters were obtained from the 
same source as in all previous experiments. Each group 
comprised four rats; litters were divided randomly but 
evenly into four populations and assigned orders. 
Group A was composed of animals which were treated 
with 5 mg./kg. reserpine. After three hours, 1,000 units of 
pyrogenic agent were given intravenously. Rectal tem- 
peratures were recorded every hour for eight hours on 
the first day. On the second day temperatures were 
recorded every three hours. Group B was composed 
of animals which were treated with 5 mg./kg. 
reserpine. After three hours an equivalent volume 
of pyrogen-free distilled water was injected in- 
travenously. Observations were made as in the case 
of Group A. Group C animals were treated with 5 mg./kg. 
reserpine, and after three hours all animals received 
1,000 units of the pyrpgenic agent. Observations on 
latency and running times were made every half hour 
for eight hours. Group D animals were treated with 
5 mg./kg. reserpine. After three hours all rats received 
2 ml. pyrogen-free water intravenously. Observations 
were made as in Group C above. The animals in Groups 
C and D were trained and treated in the fashion reported 
in all previous experiments. The environmental tem- 
perature throughout the experiment was 20° +. 3° C. for 
all groups. 


Results.—The effect of the treatment as outlined 
in groups A and B may be found in Table VII and 
groups C and D in Table VIII. 

It will be readily seen that no difference exists 
worthy of note between the onset rate in the reser- 
pine behaviour decrement of either group C or D. 
Moreover, there was no change in the total cessation 
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TABLE VII 


MEAN RECTAL TEMPERATURE IN TWO GROUPS EACH 
OF FIVE RATS 
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TABLE VIII 


MEAN LATENCY AND RUNNING TIMES IN TWO GROUPS 
EACH OF FIVE RATS 








Treatment A B 
Hour | ———-—__—_————_———_—_ |__| ———_ 

| Pre-reserpine temperature | 37-3 37°5 
1 36:1 36°6 
z Reserpine temperature 36°5 36°7 
3 36:9 363 
4 37-4 36°6 
5 Intravenous pyrogen 37:3 36°5 
6 37:3 36:3 
‘ 36°6 35-8 
8 35:8 35-9 





Group A (reserpine, 5 mg./kg. and 1,000 units pyrogenic agent). 
Group B (reserpine, 5 mg/kg. and 2 ml. pyrogen-free water). 


of locomotor activity after two hours, i.e., trial 
no. 4. At no time during the subsequent trials 
spaced every half hour did the rats respond to the 
experimental requirement. 

It will be noticed that the effect of 1,000 units of 
pyrogen was instrumental in raising the mean rectal 
temperatures 1:5 to 2° C. in one hour or less. This 
quasi-normal level of heat generation was main- 
tained for two hours, after which the temperatures 
fell back to the previous low reserpine level. This 
effect may be seen in graph form (Fig. 5). 





Trial .~ fll Sih -l a 
Half-hour Spaced no | ie 
a | Z Ss Running 
after Injection Latency | Time Latency Time 
1 9 3 7 2 
2 5 2 6 4 
3 18 5 8 il 
4 274 — | 290 


Total cessation of all responses 





Group C (reserpine, 5 mg./kg. and 1,000 units pyrogenic agent). 
Group D (reserpine, 5 mg./kg. and 2 ml. pyrogen-free water). 


Discussion.—It is reasonably clear that the 
experiment yielded no results which indicate a 
necessary connexion between deep body tempera- 
tures and the behaviour examined. The prevailing 
deep body temperature may indeed be relevant to 
any behavioural investigation, but in the particular 
case of reserpine the lowered body temperature is 
probably not the determining factor. These observa- 
tions are in marked contrast to those made by 
Lessin and Parkes (1957). These authors concluded 
in an experiment conducted with reserpine on mice 
that reduced locomotor activity and sedation is 


@—e— Received 5 mg./kg. Reserpine followed by 1,000 m. units Bact. coli. 
O--©--© Received 5 mg./kg. Reserpine (Control) 
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proportional to the degree of hypothermia. By 
raising the ambient temperature they found that 
reserpine was no longer hypothermic or sedative. 
However, these authors were testing the effects of 
reserpine on prolonged pentobarbitone hypnosis 
which entails the problem of drug interaction. 

It is obvious that the techniques employed to test 
this hypothesis were inefficient. However, through 
these experiments and many pilot attempts no 
evidence could be produced which warranted taking 
this problem any further. 


Experiment III 

The third alternative mechanism proposed arose 
out of considerations involving the general pharma- 
cological properties of reserpine. The general con- 
clusions derived from these studies tended to 
indicate that reserpine induced a shift in the normal 
balance between the cholinergic and the adrenergic 
neurohumoral systems (Bein, 1956). In particular 
it was suggested at the time that reserpine inhibits 
the sympathetic outflow and has no particular 
stimulating property for the parasympathetic hypo- 
thalamic centre. The result of reducing sympathetic 
activity is an increase in parasympathetic tone. 
It is possible to consider that by offsetting the 
reduced activity of the adrenergic neurohumoral 
mechanism, as for example with a sympathomimetic 
agent, that a balanced neurohumoral picture will 
result. Under these circumstances the behavioural 
components of reserpine administration could be 
expected to show a remission for the duration of 
the action of the sympathomimetic drug. A secon- 
dary consideration for which some material may be 
obtained from such an experiment concerns the 
problem of isolating out the plausible neurohumoral 
factors involved. There is as yet no reliable in- 
formation as to the chemical mediators in the 
central nervous system. 

A suitable sympathomimetic agent was obtained 
from CIBA.* Methyl phenidate (“ ritalin”) was 
prepared as a synthetic analeptic drug. The stimu- 
lating properties of the central nervous system of 
this phenidate compound are similar in many 
respects to that of benzedrine and caffeine with 
several important differences. Methyl phenidate 
produces almost no peripheral sympathomimetic 
effects, e.g., there is no significant effect on blood 
pressure, respiration, and heart rate. Further, this 
drug produces none of the euphoric effects found 
with benzedrine or the circulatory reactions asso- 
ciated with caffeine. It was considered that the 





*Ritalin was kindly supplied by Dr. K. Pittman, CIBA Laboratories, 
Horsham, Sussex. 
vehicle. 


The “ritalin” crystals are soluble in a saline 
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suitability of methyl phenidate as a_ reserpine 
antagonist could rest principally with the drug’s 
specific central sympathomimetic effect. 

The hypothesis was considered in the following 
terms. Reserpine shifts the neurohumoral balance 
toward an adrenergic deficit, at the same time 
inducing a marked behaviour change. The ad- 
ministration of a suitable sympathomimetic agent 
could redress this balance and restore the animal’s 
capacity to respond to the experimental require- 
ments. 


Design.—The subjects of this experiment were 10 male 
rats. One control and one experimental group were 
employed. One animal from each group was taken for 
each of five replications. Rats were randomly assigned 
to two treatment groups in equal numbers, there being 
five rats per treatment. All rats were given 5 mg./kg. 
reserpine intraperitoneally, and observed for latency 
and running times every 15 minutes for six hours. In 
the experimental group a further injection of 10 mg./kg. 
methyl phenidate intraperitoneally was given at the 
beginning of the seventh hour from the start of the 
experiment. Latency and running time were recorded 
every five minutes for one hour. The control treatment 
group received I ml. of saline intraperitoneally at the 
beginning of the seventh hour from the start of the 
experiment. Latency and running times were observed 
for one hour at five-minute intervals. From the eighth 
hour after the experiment rats were tested every 15 minutes 
until 12 hours had elapsed from the start of the experi- 
ment. 

The standard dose of 5 mg./kg. of reserpine was used. 
The administration of 10 mg./kg. methyl phenidate was 
determined by a series of preliminary trials in which it 
was found that doses of the order of 12 mg./kg. and 
above produced some symptoms of locomotor excitation. 
Doses below 10 mg./kg. were found to affect reserpine 
pre-treated rats in a manner too ambiguous to evaluate 
with the testing procedure used. The dosage employed 
was only 10%, of the dosage level required for an 
L.D. 50 mg./kg. for the equivalent route of administration. 


Results.—The results; may be found in Table LX. 
It is apparent that the effects of methyl phenidate 
administration are distinctly different from the 
control saline-injected group. No alteration in the 
state of reserpine-treated animals was found at any 
time after administration of saline. The effect 
of methyl phenidate is extraordinarily rapid, having 
an onset of between two and three minutes. The 
duration of the drug’s effect is approximately 
15 to 20 minutes after which the effects of the 
administration of reserpine slowly reappear. The 
data have been graphed (Fig. 6). Running times 
were immediately affected; rats were able to move 
on their first trial after methyl phenidate. 


Discussion.— Methyl phenidate appears to have « 
The 


high specificity for the cerebral environment. 
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TABLE IX 
MEAN LATENCY AND RUNNING TIME 
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Group A control treatment order (reserpine—saline). 


Group B experimental treatment order (reserpine—methyl pheni- 
date). 


rapidity with which methyl phenidate affects the 
organism is indicated by the speed (one to two 
minutes) in which the reserpine-induced ptosis and 


The mean latency of the effect of 10 mz./kg. methyl phenidate six hours after 5 mg./kg. reserpine. 


pupil constriction is replaced by a mild mydriasis 
with the eyelids open. This shift could be taken as 
indicative of a change in the neurohumoral balance. 
The reserpine-induced ptosis started to reappear 
15 to 20 minutes after the initial medication with 
methyl phenidate, and heralded a return to the 
reserpine behaviour syndrome which did not have 
its full impact until some 30 to 45 minutes had 
elapsed. Methyl phenidate has this antagonistic 
effect irrespective of the time during the reserpine- 
induced catatonic-like behaviour state it is ad- 
ministered. The drug does not appear to shorten 
the total length of the reserpine effect. 

A difficult problem is to decide whether the reser- 
pine-induced disturbances are exclusively in one 
neurohumoral direction, namely a depression of the 
adrenergic system. A number of autonomic indi- 
cators show that there is a likelihood that the 
cholinergic system is simultaneously stimulated. 
Contemporary experimental evidence is far from 
being dogmatic about the nature or even the degree 
of the shift in neurohumoral balance. Recent 
hypothalamic stimulation experiments on un- 
anaesthetized cats have demonstrated that reserpine 
appears to affect this area in two ways. It depressed 
the sympathetic centres in the diencephalon, and 
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facilitated the parasympathetic centres as deter- 
mined by the evoked blood pressure (Anand, Dua, 
and Malhotra, 1957). 

Two issues arise out of the foregoing discussion, 
and these must be at least speculatively treated. 
These issues embrace first, the role 5-hydroxytrypta- 
mine (5 HT) and noradrenaline may play in deter- 
mining the central neurohumoral balance, and 
secondly, the influence any ensuing neurohumoral 
disturbance could be considered to have on 
behaviour. 

In any appraisal of reserpine effects the first 
consideration to be stated is that the disturbance 
in neurohumoral balance induced by the drug is not 
occasioned by its presence as such. It has already 
been accounted that reserpine is rapidly metabolized 
out of the system, leaving behind an altered state 
in a number of cerebral amines (Glow, 1957). The 
evidence available at the moment leads to the 
assumption that 5 HT and noradrenaline levels are 
drastically altered by the administration of reserpine. 
The question arises as to what role these humoral 
agents normally play in the brain, particularly as 
at this moment there is no reliable evidence which 
would lend to the acceptance of any particular 
neurohumoral system in the central nervous system. 
For example, it is not established that acetylcholine, 
the peripheral neurohumoral transmitter, operates 
in the same fashion in the central nervous system. 

A number of neurohumoral-like activities have 
been attributed to 5 HT via the release and increased 
turnover of the substance by reserpine or the 
administration of the precursor 5 hydroxytryptophan. 
Some of these effects are a type of sedation, decrease 
in depth and rate of respiration, reduction in 
arterial blood pressure, slowing of the heat and a 
fall in deep body temperature, etc. 


From the above effects it could be inferred tha 
5 HT is normally involved in the regulation of th« 
subcortical centres responsible for alerting, tem 
perature regulation, blood pressure, and simila 
autonomic functions of the parasympathetic system 

The question may be asked, What is the nature 
of this 5 HT regulatory function ? Welsh (1957) 
has to some extent demonstrated that 5 HT or a 
compound remarkably similar to it has a neuro- 
humoral transmitter role in invertebrates, though a 
similar function of 5 HT has as yet not been clearly 
recognized in the central nervous system of verte- 
brates. Several authors have, however, argued that 
in the absence of any established alternative the 
role of a neurohumoral transmitter in the centra! 
parasympathetic division of the autonomic nervous 
system could be assigned to 5 HT (Brodie and 
Shore, 1957). 

The suggestion has also been made that noradrena- 
line could be the chemical mediator in the central 
sympathetic division of the autonomic nervous 
system. In view of the lack of any contrary evidence 
this could be a reasonable working assumption. 

If these views are consistent and reasonable 
reserpine can be considered to have an effect on the 
chemical mediators of both the central representa- 
tions of the parasympathetic and sympathetic 
systems. In view of this possibility it is not un- 
reasonable to entertain the proposition that the 
results of treatment with reserpine can leave a pro- 
found residual effect on the balance and tone of the 
autonomic nervous system, the effect being that of 
depletion of the sympathetic transmitter substance 
and an augmentation of the parasympathetic trans- 
mitter. This imbalance can be compensated for by 
the administration of a suitable central sympatho- 
mimetic agent, methyl phenidate. 


PART III: 
EFFECTS OF d-LYSERGIC ACID DIETHYLAMIDE AFTER 


PREMEDICATION 


The data concerning the concentrations of the 
cerebral amines set out in Part II are of particular 
interest because it is possible to investigate systema- 
tically the hypothesis which has linked the action of 
the hallucinogen lysergic acid diethylamide (LSD-25) 
with the presence of endogenous cerebral 5 HT. 

Repeatedly attention has been drawn to the 
existence of a strong antagonism between LSD-25 
and 5 HT on peripheral excised tissues, such as rat 
uterus (Woolley and Shaw, 1954). These authors 


WITH RESERPINE 


proposed that the peculiar psychological properties 
of LSD-25 may well arise from a similar antagonism 
in the central nervous system. A simple experiment 
to test this hypothesis, by administering exogenous 
5 HT, cannot be undertaken as the substance is 
blocked from the cerebral environment by the 
selective permeability of the blood-brain barrier. 
Consequently it has been necessary to consider 
methods whereby variations in cerebral 5 HT 
activity could be brought about. 
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Experiment 


In view of the fact that reserpine destroys the 
5 HT bonding capacity of cerebral tissues, inducing 
thereby an alteration in the level of the activity of 
the substance (Brodie, Pletscher, and Shore, 1956; 
Udenfriend, Weissbach, and Bogdanski, 1957), it is 
possible to investigate the effects of LSD-25 during 
the seven-day recovery period. Under these con- 
ditions it should be possible systematically to vary 
cerebral 5 HT, and test the animal for any differen- 
tial behavioural reactivity to LSD-25. Clearly the 
hypothesis generated under these circumstances 
predicts that the behavioural decrements induced 
by LSD-25 in the rat will be greater at a time when 
the least reformation of 5 HT bonding sites has 
occurred, that is when 5 HT activity is greatest. For 
this purpose response latencies and locomotor times 
have been used as behavioural indices using a straight 
runway technique developed by the author (Glow, 
1957). 


Design.— This experiment took place over a period of 
six weeks. As the same population of rats was empioyed 
three times, in order to ensure complete recovery between 
experimental phases, two weeks’ recovery was permitted. 

All rats received 5 mg./kg. of reserpine administered 
intraperitoneally. The rats were permitted to “ recover ” 
for a given period of time and tested on the apparatus. 
The experimental animals were divided into two treat- 
ment groups. One group received 62:5 yug./kg.; the other 
group received 250 yug./kg. LSD-25. The control group 
received an equal volume of distilled water. A control 
group was subsequently run to demonstrate the effect 
of LSD-25 treatment omitting the premedication with 
reserpine. At the conclusion of one experimental phase 
the rats were permitted to rest from any further drug 
treatment for two weeks, whereupon the entire popula- 
tion was re-randomized for the next phase. 

The phases of the experiment consisted of a given 
constant time from when the effect of reserpine was no 
longer apparent, and these were calculated from the 
times of injection. 

Phase | was 48 hours after reserpine administration 

 * ome ew os - ” 


” 3 ” 96 ” ” ” ” 


The reserpine pre-treatments were constant in all 
phases, but the post-recovery period varied progressively 
by 24 hours over the three phases of the experiment. 
No consideration was paid to litter mate controls, as it 
was considered more important to ensure complete 
randomization over the three phases. This was necessi- 
tated by the loss of two animals during the training. The 
design has been set out in Table X. 

During each experimental phase the following pro- 
cedure was adopted. All animals were run three times 
without the LSD-25 treatment in order to ensure that 
the effect of the reserpine pre-treatment was no longer 
ipparent in the latency or running times. The mean of 
‘hese runs was calculated and regarded as the “ normal” 
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TABLE X 


EXPERIMENTAL DESIGN SHOWING TREATMENT AND 
PHASES AFTER TREATMENT WITH 5mg./kg. RESERPINE 





| Treatment 
1 oe 3 
Control | 62°5 ug./kg.| 250 ug./kg. 
| (Water) LSD-25 | LSD-25 
No. of rats in Phase 1... 7) 5 5 5 
(48 hours) 
Re-randomized—two weeks rested 
(maintained on running schedules) 
No. of rats in Phase2 ..| = § 5 5 
(72 hours) 
| Re-randomized—two weeks rested 
(maintained on running schedules) 
No. of rats in Phase BY sea 5 Z 5 | 5 
(96 hours) 





performance level of the rat. After treatment had been 
instigated, i.e., when a given dosage of LSD-25 had been 
administered, samples of the animals’ latency and running 
times were taken. 

The drug dosages for both reserpine and LSD-25 were 
calculated on the basis of the findings made with these 
drugs in earlier experiments. The use of 5 mg./kg. of 
reserpine, although a severe dose, was found useful, 
as in the previous study it was found that all rats re- 
covered within 36 hours. The two LSD-25 treatments 
represented the lowest and a middle range dose employed 
in the experiments reported previously (Glow, 1957). 
The characteristic latency and running times under these 
dosages were known, and were consequently suitable for 
comparison. 

A noise generator was used under the same conditions 
as those of previous experiments. Rats were permitted 
up to five minutes’ latency, and then received the stimulus 
for a further period of two minutes, and if after that time 
no response was made the trial was terminated. At least 
10 observations were made with each subject, though 
those who had not recovered by the tenth trial were 
taken on until they had done so. Control runs were only 
made for seven successive trials. This is in conformity 
with the number of observations made in the experiments 
with LSD-25 made by the author and already referred to. 

The subjects of this experiment were from a population 
of 20 rats obtained at weaning from the same source as 
the group used in the previous experiments. The training 
apparatus and handling procedures employed were 
identical with those previously described (Glow, 1957). 


Results.—The results are expressed in terms of 
latency and running times. 


Latency.—In Table XI may be found the mean 
latency times of five rats in each phase of the 
experiment. This table only records the first seven 
sample times. From an inspection of the data it is 
clear that if any important trend is to be found, it 
is along the phase continuum rather than on the 
treatment continuum. The severity of the LSD-25 
disturbance, irrespective of the amount of the drug 
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Fic. 7.—Mean latency times for treatment with 62:5 ug./kg. LSD-25 after reserpine. 
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Fic. 8.—Mean latency times for treatment with 250 vg./kg. LSD-S55€after reserpine. 
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TABLE XI 


MEAN LATENCY TIMES IN SECONDS OF FIVE LSD-25 
TREATED RATS AFTER PRE-TREATMENT 
WITH RESERPINE 





Test 
Trial 
Number 


Treatment 
Control ——-—-——— 
62:5 ug./kg 
LSD-25 


250 ug./kg. 
LSD-25 


Water 


| 
| 
| 


NAWUaLN—| 


18 67 
14 196 
12 235 
224 
258 
246 
208 

78 
197 
314 
208 
157 

94 


NSQUSWN— | 


NSDAUAawWN— 


| 
| 
| 


SasQnuuns PUshuUsnda so Oo 





All values taken to the nearest whole number. 


administered, decreased with the time permitted 
to elapse between the pre-treatment with reserpine 
and the experiment per se. An examination of the 
graph in Fig. 7 (latency curves derived from treat- 
ment with 62-5 ug./kg. LSD-25) and Fig. 8 (latency 


350 


Latency Time (sec.) 





curves derived from treatment with 250 ug./kg. 
LSD-25) clearly indicates that 48 hours after 
reserpine pre-treatment the severity persists with 
only a minor shift towards the value of the control 
curves. At the same time a comparison may be 
made with the curves derived from the same dosage 
level of LSD-25 without any pre-treatment. In the 
second phase of the experiment, namely 72 hours 
after reserpine pre-treatment, it is possible to detect 
a definite trend toward recovery by the sixth or 
seventh trial, that is, between one and one and a half 
hours after the start of the LSD-25 treatment. 
However, it will be noticed that the intensity of the 
effect induced is still significantly higher than that 
shown in the control curve obtained from animals 
which had had no pre-treatment. In the third phase, 
that is 96 hours after reserpine pre-treatment, the 
curves have almost the same characteristics as those 
found in the control curve. The rats clearly exhibit 
a tendency to recover early, that is between 20 and 
30 minutes after treatments had started, and con- 
tinued steadily to come to normal values. There is 
little doubt that the intensity and duration of the 
disturbances produced varies according to the length 
of the interval permitted to elapse between reserpine 
administration and LSD-25. There is, however, 
considerable doubt whether the treatment variable 
shows an ordered trend. It is noticeable in phase | 
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Fic. 9.—Mean latency times during phase I (reserpine pre-treatment). 
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Fic. 10.—Mean latency times during phase II (reserpine pre-treatment). 
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Fic. 11.-—Mean latency times during phase III (reserpine pre-treatment) 
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of the experiment that rats treated with 62:5 yg./kg. 
LSD-25 showed a disproportionate severity in the 
behaviour disturbance to those animals treated with 
four times that dosage, namely, 250 yg./kg. This is 
clearly demonstrated when the two treatments are 
plotted for the same phase (Fig. 9). This curious 
trend does not persist in either phase 2 or phase 3. 
In these phases the disturbance of the curves plotted 
is in the expected direction, namely the higher the 
dose the more intense the disturbance (Figs. 10 
and 11). 

‘Another aspect from which the data can be 
examined is the recovery times from both the treat- 
ment and the phase variables. In Table XII may be 
found the trial number at which experimental 
animals had recovered. For this purpose the follow- 
ing criterion was employed. When latency times 
after the LSD-25 disturbance reached nine seconds 
or less the animal was held to have recovered. The 
number of that trial was held to be the time taken 
for the animal to recover from the injection. A 
comparison and test of significance may be made 
between the groups to determine whether the various 
treatments and/or phases significantly affected 
recovery. The date in Table XII may be a two-way 
analysis of variance procedure. The specific 
hypothesis tested was whether recovery from LSD 
disturbance is a function of the interval between 
reserpine pre-treatment and LSD-25 administration. 
The analysis of variance is set out in Table XIII. 

It is apparent from the trend found when examin- 
ing the data for intensity that it holds good when 
the data are examined from the point of view of 
recovery, i.e., along the time dimension. The 
disturbances persist for considerably longer the 
closer the interval between reserpine pre-treatment 
and LSD-25 administration. A similar trend is by 
no means clear when examining the data along the 


TABLE XII 


THE TRIAL AT WHICH RECOVERY OCCURRED AFTER 
LSD-25 TREATMENT IN RATS PRE-TREATED 
WITH RESERPINE : 


| 
Treatment | Subjects | ee 
1 (48 hours) 2(72 hours) | 3 (96 hours) 





Phase 


| 


| 
| 
| 


62:5 ug./kg. 


| 
| 


250 ug./kg. 
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TABLE XIII 
ANALYSIS OF VARIANCE 





Source Sum of Squares | df. 


Variance Estimate 





| Pers 678 2 339 
Treatment ot 289 2 145 
Interaction gl 73 4 18-5 


Residual 2 273 | 36 | 7-6 
1,313 


| 


| “4 = 





F ratio for time 44 (significant 1%). 
F ratio for treatment 19 (significant 1%). 


treatment dimension itself. However, the inclusion 
of the data from the control group in the analysis 
of variance produces a significant F ratio. This 
probably is due to the fact that the control lacks 
variability. 

Running Times.—A brief examination of the 
running times data can be made from an examina- 
tion of Table XIV. In the table are the mean running 
times of five rats in each treatment and phase of the 
experiment. The table only records the first seven 
sample times. From the data it can be seen that 
locomotor times are readily affected by the various 
phases. This was particularly true in the case of 
treatment with 62:5 ug./kg. LSD-25 where the 
separation from the remainder of the scores is 
greatest. The data have been plotted showing the 
effect of the treatment on the three phases of the 
experiment (Figs. 12 and 13). On each graph has been 
superimposed a curve derived from the same dosage 
of LSD-25 without reserpine pre-treatment. The 
overall trend characteristic between treatment level 
is that with a higher dosage running times are lower, 
which is indicative of the faster speed with which 


TABLE XIV 


MEAN RUNNING TIMES IN SECONDS OF FIVE 
LSD-25-TREATED RATS AFTER PRE-TREATMENT 
WITH RESERPINE 





Test 
Trial 


Treatment 


Control 62:5 wg./kg. | 250 ug./kg. 


12 


| 
} 


| 
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All values taken to the nearest whole number. 
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the 250 ug./kg. rats traversed the runway. This 
trend holds true irrespective of the phase of the 
experiment. A reasonable sample could be taken 
at the third trial, that is, 20 minutes after injection, 
for at this point the intensity of the drug’s effect 
reaches its highest in both treatment groups in nearly 
all phases (see Figs. 9, 10, and 11). A test of signi- 
ficance on running times at phase | between the two 
levels of treatment, 20 minutes after injection, gives 
t = 7 with 8 df. significant at the 1% level. How- 
ever, significance cannot be calculated between the 
two treatments at phase 2 (t = 1-4 with 8d.f.) or 
at phase 3. 


Discussion.—Data have been brought forward to 
substantiate to some degree the hypothesis posed. 
It has been possible to demonstrate that the effect 
of premedication with reserpine measurably alters 
the course of the LSD-25 disturbance. The data 
revealed an increase in two types of measures, an 
increase in intensity over a given period and 
an increase in the total duration. By and large this 
increase is in the expected order, namely, the higher 
the dose of LSD-25 the more profound the effect. 
Similarly, an ordered relationship has been found 
along the phase variable, so that the intensity- 
duration increase decreased over the successive 


experimental phases. 
There is a clear indication that some aspects of the 


disturbances produced by administration of the 
LSD-25 are considerably enhanced by premedication 
with reserpine. Isbell and Logan (1957) recently 
obtained similar results in experiments conducted 
with adult male drug addicts serving sentences. His 
subjects found the combination of drugs, given in 
the order of 6 mg. reserpine, and, after 22 hours 
0-5 ug./kg. LSD-25, considerably more disturbing 
than when LSD was given exclusively. Isbell utilized 
a questionnaire technique to assess the intensity of 
the disturbance. 

With these findings in mind it is reasonable to 
assume that the effects of reserpine pre-treatment 
somehow alter the intensity-duration of the dis- 
turbance induced by LSD-25. It remains then to 
suggest the possible mechanism which may deter- 
mine this disturbance. The evidence to date has 
been discussed in the introduction to this paper. 
Briefly stated, the assumption made was that 
reserpine destroys the bonding mechanism required 
to store 5 HT, thereby releasing it for rapid meta- 
bolism (Brodie et al., 1956). It is further sug- 
gested that reserpine of itself has no effect on the 
central nervous system for a period longer than 
approximately two hours after administration 
(Sheppard, Lucas, and Tsien, 1955). The reforma- 
tion of bonding sites takes place over a considerable 
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time span, during which there is a proportionate y y 


greater production and turnover of free 5 HT 
(Udenfriend et al., 


LSD-25 in the presence of free 5 HT, 


é.g., On 


the excised rat uterus, are also the type of effects the | 


substance has in vivo, i.e., in cerebral tissue of the 
intact rat, then the disturbance produced by LSD-25 
will be to some degree proportional to the amount 
of active 5 HT in the central nervous system. The 
evidence arising out of the injection of LSD-25 at 


three distinct points in time during which this — 
reformation of 5 HT bonding sites occurs seems to | 


justify the two following propositions, namely, that 


an interaction between LSD-25 and 5 HT occurring | 7 


1957). If the peripheral effects of 4 


fy 


in the central nervous system appears to be of a | 


similar kind to that found on excised peripheral 
tissue and that the degree of effect as measured by 


behavioural indices is relative to a change in 5 HT || 


in the central nervous system. There is very little : 
clarification about the nature of the interaction of 


LSD-25 and free 5 HT in the central nervous 
system. Even the most recent findings reported by 
Woolley and Shaw (1957) have not indicated the 
direction of the interaction between these two sub- 
stances. 


These authors report on experiments con- — 


ducted on excised human foetal brain cells. Oligoden- © 


droglia are cells which are usually regarded as the 4 


structural supports to the active neural bodies. | 
Recent findings with time-lapse photography have | 
shown that these cells have a continuous rhythmic ~ 


pulsating action. Woolley and Shaw have demon- 
strated that free 5 HT produces tetanic-like seizures 
of these pulsating cells. On the topic administration 
of LSD-25 in conjunction with free 5 HT there was 
some indication that at certain dose levels and 
varying times of administration, 
facilitated and at other levels and times there is an 
antagonism. This is precisely analogous to the state 
of affairs in peripheral tissues like the rat uterus. 
However, as there is little known either about the 


5HT activity © 


function of oligodendroglia or the effects of drugs | 
on them there is little point in further speculation | 


now. 
there is a distinct possibility that 5 HT may be 
a chemical mediator for the central representation 
of the autonomic nervous system. In this event the 
peculiar psychological effects of LSD-25 may be 


in Part Il the author has pointed out that — 


occasioned through its capacity to act as a specific | 


blocking agent to 5 HT or bio-electric inhibitor. 


Conclusion 


The theory has been current in recent years that 
the behavioural disturbances produced by LSD-25 


are mediated by an antagonism with 5 hydroxy- | 


tryptamine in the central nervous system. 


This | 
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FiG. 12.—Mean running times for treatment after 62:5 ug./kg. LSD-25 after reserpine premedication. 
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Fic. 13.—Mean running times for treatment after 250 ug./kg. LSD-25 after reserpine premedication. 
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antagonism can be demonstrated on excised peri- 
pheral tissue, but it has been singularly difficult 
to do the same for the intact central nervous system. 

The present experiments go some way in testing 
this hypothesis by systematically varying the cerebral 
concentration of 5 hydroxytryptamine in vivo. 
The effect of this treatment is such as to demonstrate 
that when there is a change in the level of cerebral 
5 hydroxytryptamine, the disturbance induced by 
LSD-25 is considerably augmented. This suggests 
that the effects of LSD-25 are augmented when there 
is an increase in cerebral 5 HT activity. 
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PHYSIOLOGICAL TREMOR IN CHILDREN 


BY 


JOHN MARSHALL 


From the Academic Unit in Neurology, Institute of Neurology, Queen Square, London 


A rhythmic tremor at about 10 c./sec. is a well- 
known feature of muscular contraction in healthy 
adults. In some subjects the amplitude of the 
tremor is such that it is discernible by the naked 
eye, while in others sensitive methods of recording 
are required for its detection. While studying this 
phenomenon Marshall and Walsh (1956) noticed 
that the tremor in six normal children was slower 
than that in adults. As this fact has important 
implications as to the mechanism of the tremor in 
both children and adults, a more extensive study 
of physiological tremor in children has been made 
and is reported here. 


Material and Methods 


The method which has been used to record the tremor 
measures acceleration rather than displacement and full 
details of the technique are given by Marshall and 
Walsh (1956). Essentially the method consists in the use 
of an accelerometer double diode valve (Mullard DDR 
100) the anodes of which are deflected by acceleration 
in one plane. Movement of the valve upsets a bridge 
circuit, and the electrical output is fed through an 
Ediswan electroencephalographic amplifier to an ink 
writer. The valve is 9-5 cm. long and 3-3 cm. in diameter; 
it weighs only 65 g., and can be held comfortably in the 
palm of the hand. 

The child sat in a chair grasping the valve in the palm 
of the right hand, the limb being maintained by the 
subject fully outstretched in the pronated position. The 
tremor recorded was, therefore, that imparted by the 
whole of the limb musculature and not by a single muscle 
group. Care was taken that the anodes of the valve were 
always in the same plane. The child was asked to keep 
the valve as steady as possible and the recording was then 


s made. The age of the child was noted and in the majority 


of cases his height was also measured. 

The frequency of the tremor was subsequently measured 
by laying a transparent cursor ruled off in seconds over 
the tracing and counting the number of waves in a 
second. Several samples in each record were measured, 
ind difficulty was not encountered by runs of different 
vave frequencies being present in the records. At the 
‘me of making the measurement the observer was not 

ware of the age or height of the child. 


Results 


The tremor of 287 children with ages ranging 
from 2 to 16 years was recorded. The number of 
children in each age group is shown in Fig. |. The 
children comprised a random group attending a 
Christmas party, and groups from a primary school. 
a secondary grammar school, and a boarding school. 
No selection of children was made except to ensure 
that each age group was adequately represented. 
It was immediately apparent that in general the 
tremor is slower in children than the 10 c./sec. seen 
in normal adults. When the frequency of the tremor 
is plotted against age it is found that the various 
frequencies are not evenly scattered throughout the 
age groups, rather there is a large number of 
children with tremor at a frequency of 5 or 6 c./sec. 
(Fig. 1). Children with tremor of this frequency are 
found in all age groups from 2 years up to 16 years, 
but the great majority are in the 2-9-year age 
groups. After 9 years an increasing proportion of 
children in each age group has a tremor of a higher 
frequency, until when 16 years is reached it is 
uncommon to find a frequency of 5 or 6c./sec. 
Moreover, the number of children with a tremor of 
a frequency of 7 or 8c./sec. is relatively small, 
suggesting that a fairly abrupt change is made from 
the 5 or 6c./sec. rhythm to the adult rhythm of 
10 c./sec. Comparing the mean tremor frequency 
in the 2-9-year age group with that of the 10-16 age 
group shows the difference to be highly significant 
(P<0-001). 

The relationship between age and frequency of 
tremor is revealed more clearly by plotting the mean 
frequency for each age group against age as in 
Fig. 2. This confirms that there is not a simple 
linear relationship between age and tremor fre- 
quency, but that the data can be fitted by two 
straight lines, one for the 2-9-year age groups and 
the other for the 10-16 age groups. The difference 
between the slopes of these two lines is highly sig- 
nificant (P<0-001). A considerable number of 
random observations outside the present series 
indicates that certainly by the age of 18 years the 
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Fic. 1.—Graph showing the number of children with each tremor frequency in each age group. 


adult rhythm of 10c./sec. is established and is 
maintained throughout the remainder of a healthy 
life, hence the line if continued beyond the 16-year- 
old group would become parallel to the abscissa. 
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FiG. 2.—Graph showing the abrupt change in the mean tremor 
frequency for each age group which occurs about the age of 
9 years. 


The fact that the tremor frequency is not linearly | 
related to age raises the question as to whether |) 
tremor frequency is more closely correlated with © 
height than with age, for there is a considerable | 
scatter of height in any age group. The height was © 
therefore measured in 201 of the children over the | 
age span of 5 to 16 years, and ranged from 41 to 


73 inches. Plotting frequency against height reveals _ 
a less close correlation than between frequency and 
age. In three age groups (10, 13, and 14 years) the 
correlation coefficient between height and frequency [| 
was calculated and was not significant (P<0-1). 


Discussion 

The interest of these observations is largely in the 
light they throw on the mechanism responsible for 
physiological tremor. The possibility that the 
weight of the valve, while trivial for an adult, was 
sufficient to influence the tremor 
especially the smaller ones, can be immediately 7 
discounted. The valve weighed only 65 g. which is | 
an insignificant weight even for a small child. More- | 
over, both Marshall and Walsh (1956) and Halliday 
and Redfearn (1956) have shown that loading 4 
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limb, while increasing the amplitude of the tremor, 
has no significant influence upon its frequency. The 
slower tremor in children was not, therefore, due 
to the relative weight of the valve. 

Halliday and Redfearn (1956) suggested that the 
tremor in adults is due to oscillation round the 
‘ servo-loop ” from muscle spindle to muscle. They 
yroduced evidence (Halliday and Redfearn, 1958) 
that physiological tremor was lost in some patients 
with tabes dorsalis in whom there was clinical 
evidence of interruption of the reflex arcs. It is hard 
to reconcile the present findings in children with 
this hypothesis. Conduction velocity in peripheral 
nerves is proportional to fibre diameter (Cragg and 
Thomas, 1957). Fibre diameter increases up to 
about the age of 6 years after which there is no 
appreciable change; hence it follows that conduction 
velocity is also stable after this age. As the neural 
pathways concerned in spinal reflexes increase in 
length during growth, the reflex time must also 
increase, and this, in fact, has been shown to occur 
(Wagman, 1954). Wagman used the latency of the 
*H reflex’ as a measure of reflex time and found, 
for example, a reflex time of 17 m.sec. at the age of 
6 years and one of 23 m.sec. at the age of 9 years. 
if, therefore, the physiological tremor were depen- 
dent on oscillation round the spinal reflex arc, the 
tremor should be faster in the shorter reflex arc of 
children than it is in the longer adult reflex arc. The 
reverse has, in fact, been shown to be the case, 
hence it is difficult to accept the view that physio- 
logical tremor is due to oscillation around the spinal 
reflex arc. 

An alternative consideration is that the 5 or 
6c./sec. tremor found in children is not a slower 
version of the physiological tremor seen in adults, 
but is rather a separate phenomenon with its own 


neural mechanism. It may be that the tremor of 
childhood is suppressed or replaced by the adult 
tremor, and this hypothesis would accord with the 
observation that the distribution of tremor frequen- 
cies among the age groups undergoes a fairly abrupt 
change from the 5 or 6c./sec. to the 10c./sec. 
rhythm. In this regard it is worth pointing out that 
some pathological tremors have a frequency of 
about 5 or 6 c./sec. and become apparent as a result 
of neural structures being damaged by disease. It 
may be that the 5 or 6 c./sec. tremor of childhood 
is based on a more primitive neural mechanism, the 
activity of which is suppressed about the age of 
9 years by the development of more adult neural 
mechanisms. The present evidence does not permit 
a definite answer to this question but it is clear that 
mechanisms other than a simple servo-loop must 
be involved in physiological tremor. 


Summary 

The tremor of the outstretched hand has been 
recorded in 287 children. The predominant fre- 
quency of the tremor up to the age of 9 years is 
about 6 c./sec., thereafter the frequency changes 
fairly abruptly, and by the age of 16 years most 
children have a tremor frequency of 10 c./sec. The 
significance of the observations in relation to the 
mechanism of physiological tremor is discussed. 


I wish to thank Mrs. D. Joyce for the statistical 
analysis and Mr. J. I. MacNaughton for technical 
assistance. 
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THE MECHANISM OF THE PAIN IN TRIGEMINAL NEURALGIA 


BY 


ERIC KUGELBERG and ULF LINDBLOM 


From the Department of Neurology of the Karolinska Institute, Serafimerlasarettet, Stockholm, Sweden 


Trigeminal neuralgia (tic douloureux) is charac- 
terized by brief paroxysms of pain limited to the 
facial distribution of the trigeminal nerve and is 
precipitated by stimuli to sensory endings in the 
trigeminal receptive area. The condition is relieved 
by blocking the afferent input of the trigeminal 
nerve. According to’ Wyburn-Mason (1953) and 
Crue, Shelden, Pudentz, and Freshwater (1956), 
attacks of trigeminal neuralgia can in some cases be 
abolished by interruption of adjacent cervical nerves. 

The neurophysiological mechanism underlying 
trigeminal neuralgia is still obscure (cf. List and 
Williams, 1957). King and Meagher (1955), King 
and Barnett (1957), and King, Meagher, and 
Barnett (1956) described alterations of trigeminal 
nerve potentials associated with over-reaction to 
tactile facial stimulation in cats produced by apply- 
ing alumina gel or strychnine to the spinal trige- 
minal nucleus. The electrical potential changes in 
the human trigeminal system associated with the 
paroxysmal pain, however, remain to be investigated. 
Moreover, the finding of a correlation between the 
clinical syndrome of tic douloureux and the electro- 
physiological phenomena presupposes a detailed 
knowledge of the clinical events. Since the mechanism 
of the paroxysmal pain is intimately associated with 
afferent discharges we have studied with semi- 
quantitative methods the relation between the 
attack of pain and stimuli applied to the skin 
trigger zone. The effect of anti-epileptic drugs, 
such as hydantoin and lidocain, has also been inves- 
tigated. 


Material and Methods 


The present investigation was carried out on 50 patients 
with trigeminal neuralgia who were admitted to the 
Neurological Clinic during the years 1946 to 1957 and 
in whom the attacks could be evoked by mechanical 
stimulation of the trigeminal receptive area. A neces- 
sary requirement was that the patient had an observant 
mind and was willing to undergo repeated provocations 
of the attacks. 

One patient, an 18-year-old girl, suffered from 
“symptomatic ’’ trigeminal neuralgia associated with 
platybasia. In another patient the neuralgia was associated 


with an intracranial arterial aneurysm. The remainder 
had the common “ cryptogenic *’ type. 

At the beginning of the investigation the attacks were | 
provoked by stroking the trigger zone with the finger tip 
at, so far as possible, a constant rate, speed, and pressure. 
Later, a vibratory stimulator was employed, consisting 
of a pin attached to the membrane of a loud-speaker ~ 
which led to a Grass stimulator. The head of the pin, 
which was a round knob, was pressed against the skin. 
The frequency and amplitude of the vibrations were 
controlled with the stimulator which was switched on 
and off manually. The amplitude ranged from 0 to 1 mm. 
and reached its maximum within 2 m.sec. This provided 
a comparatively well-defined and reproducible mechanical 
stimulus of the skin. 


Results 


Some patients have, during particularly severe 
periods of the disease, attacks of pain which 
apparently start spontaneously. They occur without 
tangible external irritation, such as touching the 
face, talking, or eating, which is usually necessary 
for precipitating an attack during less active periods. 
The same patients may have periods of remission 
when not even external stimuli will provoke an 
attack. It is also a well-known fact that the severity 
of the disease can vary from day to day or from 
hour to hour. 

Since even in patients with “* spontaneous ” 
attacks the pain is relieved by blocking the afferent 
pathway of the fifth nerve, it may be assumed that 
the pain is precipitated by afferent discharges and 
that deterioration or improvement reflects a lower- 
ing or raising of the attack threshold. During 
periods of “spontaneous” attacks a minimum 
stream of afferent impulses in the trigeminal nerve 
is evidently sufficient to provoke an attack. During 
periods of improvement a higher intensity of afferent 
impulses is required, and during periods of remission 
the threshold is not reached even with a high 
intensity of afferent discharge. 

The rapid fluctuation in the severity of the 
symptoms indicates that the neurophysiological 
state responsible for the tic syndrome is very 
unstable. Accordingly the quantitative relationship 
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Fic. 1.—Distribution of 31 trigger zones in 30 patients. Circles denote circumscribed and broken lines widespread, cutaneous 


trigger zones. 


between the paroxysmal pain and the afferent 
discharge may be expected to vary not only in 
different individuals but also in the same individual 
at different examinations as well as during the 
course of a prolonged examination. A basic pattern 
of the trigger mechanism, however, may be dis- 
tinguished. 


The Trigger Zone.—The site of the trigger zone 
in the last 30 patients examined is shown in Fig. 1. 
Although the trigger zone could be located almost 
anywhere within the trigeminal receptive area it 
was most common in the nasolabial fold, on the 
upper lip, the lateral part of the lower lip, and the 
alveolar gingiva. Some patients had two trigger 
zones and some reported that their trigger zone had 
shifted from one point to another during the course 
of the disease. One patient stated that she had a 
trigger zone Outside the trigeminal area, located in 
the ipsilateral axilla. At the time of examination, 
however, it was not present, and therefore the 
information is uncertain. Crue et al. (1956) reported 
a case of trigeminal neuralgia with a trigger zone 
on the big toe. 

In some of the patients the trigger zone was large 
and diffuse but in the majority it was comparatively 
small and well-defined. How small the trigger zone 
can actually be is difficult to determine, but in some 
of our patients it was not larger than | or 2 sq. mm. 
There was no obvious relationship between the 
severity of the attack and the size of the trigger zone. 
Very severe attacks could be fired in patients with 
an almost punctate trigger zone as well as in those 
with a large trigger zone. The pain usually started 
near the trigger zone. Although it was rather 
difficult for the patients to determine accurately the 
exact spot in which the pain actually started, it was 
obvious that the pain did not always start in the 


Ovals indicate localization to alveolar gingiva. 


trigger zone. For example, in one patient with the 
trigger zone on the upper eyelid the pain started 
in the cheek (cf. List and Williams, 1957). 


Adequate Stimulus.—It is common knowledge 
that the attacks of pain are precipitated by tactile 
stimulation of the trigger zone (e.g., touching the 
face, as in shaving or washing) or by stimuli such 
as talking and mastication which increase the pro- 
prioceptive inflow. Pain is a less effective stimulus. 
In our patients severe pinching of the skin of the 
trigger zone with forceps failed to evoke an attack. 
Thermal stimuli (a warm metal rod or cube of ice) 
were ineffective when applied slowly, as was slowly- 
applied firm pressure. On the other hand, sudden 
application or release (off-effect) of pressure evoked 
an attack in susceptible individuals. This suggests 
fairly rapid adaptation of the receptors responsible 
for the paroxysmal pain. Stroking the skin with a 
blunt object, e.g., the finger of the examiner, was a 
highly effective stimulus. Firm stroking is perceived 
as touch, light stroking as touch and tickle. Rapid 
displacement of a few hairs may also be effective. 
This is perceived as a tickle, with or without the 
component of touch. Slow displacement of the 
hair, however, or even a slow, steady, painful pull 
on the hair failed to fire an attack. The vibratory 
stimulus, causing a rapid distortion of the skin, 
was effective in susceptible individuals. 

Electrical stimulation was employed in an effort 
to determine which fibres convey the effective im- 
pulses. In two patients with the trigger zone on the 
upper lip a needle electrode was inserted into the 
infraorbital foramen. Repetitive weak shock stimuli 
to the maxillary nerve gave rise to the vibratory 
sensation typical of tactile fibre stimulation (cf. 
Kugelberg, 1944), but did not evoke a paroxysm of 
pain. An increase of the stimulus strength to 
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threshold for the larger pain fibres still failed to 
provoke an attack. These results indicate either that 
the fibres responsible for the paroxysmal pain have 
a smaller diameter and a higher threshold than the 
large pain fibres or possibly that the spatial and 
temporal pattern of the triggering discharge is too 
specific to be imitated by electrical shock stimulation 
of the nerve. Shock stimulation did not appear to 
have an inhibitory action since the attack could 
still be triggered from the upper lip during the 
electrical stimulation. 


Eliciting the Attack of Pain.—Four factors are 
discussed. 


(1) Minimal Afferent Discharge.—In three patients 
it was possible to trigger an attack by rapid dis- 
placement of a single hair. In susceptible individuals 
evidently only a minimum number of nerve fibres 
are required to convey impulses to the critical 
structure to fire an attack. This does not, however, 
imply that these were the only fibres responsible 
for the attack. A proper background discharge is 
probably also necessary. 


(2) Spatial and Temporal Summation.—Provided 
the trigger zone was not too small, it was possible to 
show that spatial summation of impulses from a 
larger area triggers the paroxysm of pain at a lower 
stimulus strength and at a shorter latency than 
if a small area is stimulated. In susceptible individuals 


however, a larger spatial summation does not seem 
to be a prerequisite for evoking an attack. As 
mentioned earlier, displacement of a single hair was 
sometimes sufficient to evoke an attack. 

A temporal summation of impulses was evident 
in all but a few of the patients. In one of these dis- 
placement of a few hairs of the nostril by a single 
pulse of the vibrator evoked a stab of pain, which 
was accompanied by a twitch of the face with a 
latency of 57 m.sec. (Fig. 2). In a few patients 
a single touch of the trigger zone similarly elicited a 
stab of pain with a very short latency. Since the 
patients did not react with a well-defined twitch 
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Fic. 2.—Electromyogram from the orbicularis oris. Latency of facial 
twitch accompanying a stab of pain evoked by a sudden dis- 
placement of hairs of the nostril. The stimulus started the 
cathode ray sweep. Time: 500 c./sec. 
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Fic. 3.—Summation time (abscissa) in relation to vibration frequency 
(ordinate). 


of the face it was not possible to measure the 
latency time accurately. 

In the majority of the patients, however, it was 
necessary to continue the stimulation for a longer 
period in order to elicit pain. The length of the 
period was largely dependent on the stimulus 
intensity. A typical example is shown in Fig. 3. 
Vibratory stimuli at the rate of 7 per second evoked 
an attack after a summation time of 15 sec. By 
increasing the frequency to 30 vibrations per second 
the summation time was gradually reduced to about 
1-5 sec. Further increase in frequency did not 
further reduce the latency time. Variations solely 
in the amplitude of the stimuli had the same effect 
on the latency. A summation time up to 30 sec. was 
observed with weak stimulation. 

The results indicate that the excitatory state 
necessary to fire an attack may be built up over a 
considerable time by temporal summation of 
afferent impulses. 

One may ask how quickly the effect of the stimulus 
subsides. To test this the trigger threshold was 
determined at different intervals after a conditioning 
stimulus. The minimum duration of a stimulus 
which fires a brief jab of pain was estimated. A test 
stimulus of equal intensity was delivered 5, 10, 15, 
or 25 seconds after the conditioning stimulus and 
the duration necessary to reach the trigger threshold 
was measured. The quotient of the duration of the 
test stimulus and the conditioning stimulus is 
plotted against the stimulus interval in Fig. 4. Each 
point in the figure is the mean of three or four pairs 
of measurements. 

The raised excitability evidently falls rather 
sharply after cessation of the stimulus but may 
remain above the resting value for 20 to 25 sec. The 
raised excitability in this experiment was not due 
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FG. 4.—Decay of excitability following a conditioning skin stimulus 
to the trigger area. The quotient of the duration of the test 
stimulus and the conditioning stimulus (ordinate) is plotted 
against the stimulus interval (abscissa). 


to the jab of pain since the same result was obtained 
if the conditioning stimulus was just subthreshold 
for triggering the pain. Experiments of this type 
are difficult and can be performed only in subjects 
with a stable trigger threshold. The result was 
consistent in three out of five patients tested. 


(3) Effect of Stimulation.—Stimulation of the 
trigger area in our patients resulted in: (a) Paraes- 
thesia in the form of pins and needles or tingling 
(this was uncommon); (4) a jab of pain which may 
recur in rapid succession when the stimulation is 
continued; (c) sustained pain which continues when 
the stimulus is prolonged but does not outlast the 
stimulus; (d) sustained pain which continues even 
after the stimulus is discontinued. 

More than one type may occur in one and the 
same individual although one type usually pre- 
dominates. During periods of improvement the 
response in (d) may often be supplanted by the (c) 
type. 


The pain reaches its maximal intensity rapidly, 
usually within a few seconds, remains stable for a 
variable period, and then gradually subsides. 
Alterations in the intensity are accompanied by 
variations in the spatial distribution of the pain. 
The pain spreads rapidly at the beginning of the 
attack but recedes more slowly at the end of the 
attack, generally in the reversed order of its evolu- 
tion. Some patients complain of tenderness to 
pressure in the painful area during an attack that 
is not severe enough to mask the tenderness. In our 
patients the attacks seldom lasted longer than two 
to three minutes. 


(4). Refractory Period.—A\i clinicians who have 
treated a large number of patients with trigeminal 
neuralgia will have encountered those who relate 
that immediately after an attack they can safely 
go on eating and talking for a while without running 
the risk of a new attack. This, of course, indicates 
that a refractory period follows the attack. The 
time relations, however, do not appear to have been 
investigated. 

The patient, E. J., had, before trigeminal rhizo- 
tomy, during the course of one day’s observation, 
spontaneous attacks of severe pain of 30 to 60 sec. 
duration at fairly regular intervals, with free intervals 
of one and a half to two and a half minutes’ duration 
(Fig. 5, upper diagram). Since the paroxysms pre- 
sumably were evoked by a more or less continuous 
stream of minimal afferent discharges in the trige- 
minal nerve, the intermittent response to continuous 
stimulation is presumptive evidence of a refractory 
phase. To test this, the intensity of the afferent 
discharge was increased by a series of light strokes 
applied with the finger-tip to the trigger zone on the 
patient’s cheek at the rate of three strokes per second. 
This reduced the interval between the attacks to 
about 50 seconds (Fig. 5, middle diagram). If, in 





Fic. 5.—Duration of the free interval between 
attacks. Upper diagram, in a series of spon- 








taneous attacks; middle diagram, attacks 
provoked by continuous stroking of the 
trigger area at the rate of 3 per sec.; lower 
diagram, stroking at the rate of 6 per second. 
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Fic. 6.—Refractory phase of a pain 
paroxysm tested by stroking the trigger 
area intermittently for periods of 10 
sec. Filled in area denotes attacks, 
vertical lines a stab of pain. The 
interrupted line below the base line 
represents 10-second periods of 


stimulation. 30 


order further to increase the afferent discharge, the 
strokes were applied at the rate of six per second, 
the free intervals were reduced to about 30 seconds 
(Fig. 5, lower diagram). Further increase in the 
intensity of the afferent discharge by strokes applied 
at a maximal speed and frequency reduced the free 
interval but little. It could not be reduced to less 
than 20 seconds, and the attacks continued to 
come rhythmically during all forms of stimulation. 

If the threshold for eliciting an attack which 
follows an antecedent attack is tested by a more 
intermittent stimulation, a similar condition is 
found, as exemplified in the patient H. S. This 
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180 210 240 «sec 
patient had no spontaneous paroxysms but light 
stroking of the chin at the rate of three strokes per 
second for a period of 10 seconds regularly elicited 
a very severe attack of pain of about two minutes’ 
duration. If the stroking was repeated at 20-second 
intervals after an antecedent attack, the next attack 
was evoked first after about two minutes (Fig. 6). 
To reduce the interval between the attacks required 
intensification of the stimulus. Here also it was 
not possible to reduce the free interval to less than 
20 seconds. The result was the same if only one 


10-second period of stimulation was interpolated © 


after each antecedent attack but at varied intervals. 
From these examples it is clear that 

the attacks of pain are followed by 

a refractory phase during which 

the threshold is raised. At first the 

refractory phase is absolute for the 


stimuli tested and excitability returns 7 
gradually to its former level two to ‘ 
three minutes after the end of a severe 


attack. 

Furthermore, the attack following 
within the refractory phase of an 
antecedent attack tends to be dimin- 
ished in duration and intensity and 
shows, possibly, less 
spread. This is exemplified in the 
patient E. K., who periodically had 
severe attacks at irregular intervals. 
Fig. 7 shows the duration of the 
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Fic. 7.—Spontaneous attacks. Attacks which 
occur within two minutes after an antecedent 
attack have a shorter duration than those 
occurring after a longer free interval. 


8.—A series of attacks evoked at various 
intervals showing decrease in duration of 
attack with decrease in free interval. 
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plotted against the duration of the free interval 
which preceded the attack. If the free interval was 
less than two to three minutes, the paroxysm 
decreased in duration with decrease in length of 
free interval. This was also the case if, when the 
patient had no spontaneous attacks, a test attack 
was interpolated at varied intervals after a similarly 
provoked antecedent attack (Fig. 8). Moreover, it 
was again observed that no spontaneous paroxysms 
occurred at intervals of less than 20 seconds, nor 
was it possible to evoke them earlier (Fig. 6-8). 

In paroxysms occurring within the refractory phase 
after an antecedent attack, diminution in the in- 
tensity of the pain is not so obvious as the decrease 
in the duration of the paroxysm. Some patients 
admit a considerable decrease in the intensity of the 
pain while others do not. It is possible that the 
discharge of pain impulses during the paroxysm is 
so intense that discrimination is lost. 

It is desirable at this point to establish that the 
refractory phase is dependent chiefly on the attack 
of pain and not on the stimulus that precipitates it. 
With the rough methods of evaluation used here 
no refractory phase could be detected after a series 
of stimuli to the skin for periods of 10 seconds to 
two minutes at an intensity just below threshold. 
Nor did a stimulus of 60 to 70 seconds’ duration 
applied at the beginning of the refractory period 
alter the rhythm of the attacks occurring sponta- 
neously at regular intervals. The intensity of the 
stimulus used was sufficiently strong to provoke an 
attack at the end of the refractory period. 

The duration of the refractory phase is a function 
of the duration as well as of the intensity of the 
preceding attack. Attacks of a few seconds’ duration 
show hardly any refractoriness as tested by the 
vibrator. Furthermore, in two patients who had 
paroxysms of only slight pain, it was possible, by 
stimulation of the trigger area, to maintain an attack 
for 19 minutes during which time no absolute 
refractory period occurred. The pain, however, 
steadily decreased in intensity during the attack 
and was finally replaced by a sensation of glowing 
warmth. Conversely, the duration of the refractory 
phase could be increased by provoking a series of 
attacks in rapid succession. Although in this case 
the duration of the attacks decreases and conse- 
quently the duration of the refractory period, the 
sum effect of the series may be an increase. 

In the patient E. K., who at one time had fairly 
regular spontaneous attacks, each series of provoked 
attacks was followed by a compensatory pause. 


Effect of Anti-epileptic Drugs.—Of the different 
drugs used therapeutically, novocaine has been 
reported to be effective not only when given as a 

















. 9.—Increase in summation time (broken line) and 
decrease in duration of pain (thick solid line) following 
intravenous injection of lidocaine (between arrows), 
2 mg./kg. Vibratory stimulation at two-minute intervals 
before (time 0-6) and after (time 11-21) the beginning 
of the injection. 


local anaesthetic for blocking conduction in the 
peripheral trigeminal pathway, but also when 
injected into the systemic circulation in compara- 
tively small doses (see Kubanyi, 1956). 

In the present investigation lidocaine was given 
intravenously to six patients and its effect tested 
by vibratory stimulation of the trigger area at 
regular intervals which were longer than the refrac- 
tory period. In all six patients lidocaine, in a dose 
of 2 to 4 mg./kg. body weight, resulted in partial 
or complete relief of the pain paroxysms. Fig. 9 
illustrates a typical result obtained in the patient 
N. L., in whom attacks could regularly be evoked 
before the injection. It is seen that during the course 
of the injection the summation time increases and 
the duration of the pain paroxysm decreases until 
complete abolition is obtained. Owing to the rapid 
elimination of the drug (Sung and Truant, 1954), 
however, the effect is only temporary and the attacks 
usually regained their original intensity one hour 
after the injection. 

Several workers have found that diphenylhydan- 
toin given orally is of benefit in the treatment of 
trigeminal neuralgia (see Kubanyi, 1956; Berczeller 
and Szecsédy, 1956). In the present series five 
patients were given intravenous diphenylhydantoin 
(“* epanutin *: Parke Davis) in a dose of 3 to 5 mg./kg. 
The results were about the same as with lidocaine, 
although the number of patients is too small to 
permit a detailed comparison. The total relief of 
pain obtained with intravenous diphenylhydantoin 
was short-lived, but the patients stated that the 
attacks were less intense and less frequent during 
the rest of the day. Four of these patients were 
also given barbiturates. A solution of diemal and 
allypropymal (“ hypnofen’: ACO) was given 
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intravenously until the patient became drowsy, i.e., 
a dose of 5 to 10 mg./kg. As a rule attacks of 
maximum intensity and duration could still be 
elicited after the injection. 

Thus the results obtained in acute experiments 
and controlled by measurements of the trigger 
threshold confirm the clinical observations reported 
earlier. 


Discussion 

The adequate stimulus for eliciting an attack of 
pain seems to be distortion of the hair, skin, or 
mucosa. Our observations indicate a fairly rapid 
adaptation of the critical receptors engaged by such 
stimuli. Since pain and thermal stimuli were largely 
ineffective it may be concluded that the afferent 
discharge which triggers the pain arises from recep- 
tors responding to touch. 

However, it must be borne in mind that touch 
stimuli give rise not only to a sensation of touch 
but also to a sensation of tickle. In fact, the threshold 
for tickle is lower than that for touch and even if a 
firm touch is not perceived as tickle it is clear that 
afferent discharges from receptors responsible for 
tickle must be evoked. There is no general agreement 
on the relationship between the tickle sensation and 
the touch or pain sensation (Graham, Goodell, 
and Wolff, 1951). These authors consider that 
tickle is mediated by the same nerve fibres as itch 
and pain. It seems to be established that the tickling 
sensation in the trigeminal area is subserved by 
fibres entering the spinal V tract and nucleus, since 
it is abolished by trigeminal tractotomy which leaves 
the components of touch more or less intact 
(Zotterman, 1939). Our experiments do not exclude 
the possibility that the receptors responsible. for 
tickle play an important role in initiating the pain 
paroxysm. 

The negative results of electrical stimulation 
suggest that the effective impulses are not trans- 
mitted by the largest touch fibres. 

As shown by Zotterman (1939) in his fundamental 
studies on the cat, a light touch evokes action 
potentials in delta fibres, usually followed by action 
potentials of still slower fibres, probably belonging 
to the C group, i.e., fibres earlier considered to 
subserve pain. A firm touch engages fibres from 
the largest down to the smallest. Douglas and 
Ritchie (1957) have confirmed with another tech- 
nique the findings of Zotterman. Indeed these 
authors consider that the bulk of delta and un- 
myelinated fibres mediate touch rather than tem- 
perature and pain. Thus it may be concluded that the 
fibres engaged by touch stimuli have a broad calibre 
spectrum. It is believed that the largest fibres of 
the trigeminal nerve chiefly go to the main sensory 
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nucleus and the delta (cf. Sjdqvist, 
unmyelinated fibres to the spinal tract nucleis, 
Thus a skin stimulus that evokes pain paroxysmnis 
feeds impulses not only into the main nucleus but 
to a large extent also to the spinal nucleus. 

The summation time and the duration of the 
attacks varied considerably in our series. Whether 
there is a qualitative or merely a quantitative 
difference in the mechanisms underlying the short 
latency jab of pain and the attacks that requires a 
long summation time is not clear. 

The short latency jab of pain may possibly be 
explained by a simple interaction or short circuiting 
of, for example, the touch and pain fibres. Animal 
experiments have shown that such an artificial 
synapse has a delay that is exceedingly short 
(Arvanitaki, 1942; Granit and Skoglund, 1945; 
Skoglund, 1945). In one of our patients, the motor 
response to skin stimulation which evoked a pain 
paroxysm had a latency of about 60 m.sec. The 
bilateral distortion of the face resembled a startle 
response which in fact has a similar latency. Thus, if 
the twitch were the result of the pain, the latter must 
have very short latency. 

In most cases, however, a more or less long- 
lasting attack was fired after a considerably longer 
summation time. A summation time of, 15 to 
30 seconds was not uncommon. It is highly 
probable that the summation takes place in the 
structure responsible for the attack rather than in 
the receptors. The characteristic refractory period 
of up to two to three minutes after an attack is 
scarcely the result of a refractory phase in the 
receptors since it was shown to be a function of the 
intensity and duration of the attack and independent 
of skin stimuli strong enough to discharge the 
receptors. It would seem that an excitatory state is 
gradually built up by a temporal and spatial sum- 
mation of afferent impulses and when it reaches a 
critical level the attack is fired. This process would 
be expected to be accompanied by a slow potential 
change. A slow change does not fit in with the 
properties of an artificial synapse between nerve 
fibres nor has a similar phenomenon been reported 
from pathological ganglia in animal experiments, 
although the latter has admittedly been little in- 
vestigated. It is, however, of the type encountered 
in central structures. 

Once an attack is fired it frequently outlasts the 
stimulus which initiated it. The stimulus itself does 
not have such a long-lasting effect, since it was 
shown that the excitability, as reflected by the 
trigger threshold, diminishes fairly rapidly after the 
stimulus is withdrawn. The cause of the prolonged 
maintained discharge would therefore be an event 
that is started by the attack. This event is a strong 
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excitant since it may keep a very strong pain alive 
for one to two minutes and when it has lost its 
potency skin stimuli, no matter how strong, often 
cannot revive the attack. 

The refractory phase is certainly intimately 
associated with the paroxysmal character of the pain 
and responsible for the cutting short of the attack. 
Here again slow changes are encountered in the 
excitability of the mechanism underlying the pain. 

The pathologically altered structure that is respon- 
sible for the trigeminal neuralgic syndrome is most 
likely located in the brain-stem, as also was thought 
by Crue et al. (1956) and List and Williams (1957). 
A thalamic origin of trigeminal neuralgia as proposed 
by Lewy and Grant (1938) seems unlikely since it is 
improbable that a lesion at this level could account 
for such a spatially limited pain phenomenon. The 
interesting observations of King ef al. (1955, 1956, 
1957) in animal experiments are at present difficult 
to apply to the phenomena we have studied since 
the potential changes in the cat proceed on a time 
scale in milliseconds as compared to seconds and 
minutes in man. 

The fact that anti-epileptic drugs, such as hydan- 
toin and lidocaine (cf. Bernhard and Bohon, 1955; 
Bernhard, Bohon, and H6jeberg, 1955), raise the 
trigger threshold for the pain favours the theory of a 
central origin. In fact Trousseau has already 
designated tic douloureux “ neuralgia epilepti- 
forme’. It does not, however, prove a central 
origin of the pain since both drugs also act on 
peripheral nerves (Bernhard and Valleala, 1958; 
Morrell, Bradley, and Ptashne, 1958). 

If it is correct that the origin of the pain in most 
cases of trigeminal neuralgia is located centrally the 
favourable effect of Taarnhgj’s (1952) operation 
seems to be explained by a blocking of critical 
fibres and a resultant reduction of the afferent 
discharge essential for eliciting the pain paroxysm. 


































Summary 


An investigation has been made in 50 patients 
with trigeminal neuralgia of the relationship between 
stimuli applied to the trigger zone and the pain 
paroxysm. The results are as follows:— 

The adequate stimulus for precipitating an attack 
is touch and possibly tickle, rather than pain or 
temperature. " There is evidence that the largest 
touch fibres are not involved. This is discussed in 
relation to the fact that the fibres engaged by touch 
stimulus have a broad calibre spectrum and therefore 
feed impulses not only into the main trigeminal 
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nucleus but also to a large extent into the spinal V 
nucleus. 

Rapid displacement of a single hair was sometimes 
sufficient to provoke an attack but in most cases a 
larger spatial summation of afferent impulses was 
necessary. 

A temporal summation of impulses over a con- 
siderable time was in the majority of cases necessary 
to trigger an attack. Summation times of 15 to 
30 seconds were often observed, provided the 
stimulus was weak. In some cases, however, the 
summation time was short. 

Cessation of the stimulus is followed by a rapid 
fall in excitability, although it may remain above 
resting value for up to 20 seconds after the stimulus, 
as seen in three patients. 

The attack is followed by a refractory period of 
up to two to three minutes, depending upon the 
duration and intensity of the pain. Attacks which 
occur within the refractory phase of an antecedent 
attack tend to be shorter. 

Anti-epileptic drugs, such as lidocaine and hydan- 
toin, were found to raise the attack threshold as 
well as to shorten the duration of the attack by 
diminishing its tendency to self-maintenance. 

The long summation times, the tendency of the 
attack to be self-maintained, the effect of anti- 
epileptic drugs as well as the long-lasting refractory 
period, suggest that the mechanism responsible for 
the paroxysmal pain is situated centrally, probably 
in the brain-stem in structures related to the spinal 
V nucleus. 
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LUMBOSACRAL SPINA BIFIDA CYSTICA WITH CRANIOVERTEBRAL 
ANOMALIES: REPORT OF TWO CASES PRESENTING WITH 
NEUROLOGICAL DISORDER IN ADULT LIFE 


BY 


JOHN D. SPILLANE and LAMBERT ROGERS 


From the Department of Neurology and the Surgical Unit, Welsh National School of Medicine, the Royal Infirmary, © 
Cardiff 


Neurological disorders associated with spina 
bifida are usually either present at birth or arise in 
early life. There are two main types. First, lesions 
of the cauda equina; secondly, lesions at the foramen 
magnum. Occasionally, symptoms do not make 
their appearance until adult life and then the 
developmental nature of the disorder may not be 
recognized. We propose to give an account of two 
patients with both lumbosacral spina bifida cystica 
and craniovertebral anomalies who developed a 
neurological disorder in adult life as a result of 
lesions of the cerebellum and brain-stem respec- 
tively. We are not aware of any previous record 
of this association. 


Case Reports 


Case 1.—G. B. L., aged 34 years, a carpenter and 
joiner, was admitted to the Cardiff Royal Infirmary on 
August 9, 1956, for investigation of his complaint of 
weakness of the legs of one year’s duration. He was 
born with a lumbosacral meningomyelocele (Fig. 1) and 
wore a protective truss. He did not suffer from enuresis 
and his only complaint had been of transient sensations 
of weakness and numbness of the legs whenever he 
accidentally compressed the meningocele. Sometimes 
he experienced occipital headache and discomfort if he 
slept in a supine position. 

Difficulty in walking was first noticed one year pre- 
viously. The left foot, and, shortly afterwards, the right 
foot began to drag and he frequently stumbled or 
tripped over kerbs, steps, or on uneven surfaces. Paraes- 
thesia was present in both feet and as weakness of the legs 
progressed he found his sense of balance was also 
deteriorating. Nevertheless, he was able to ride a bicycle 
until two months before admission and he continued at 
his work. In the last month he could only ascend stairs 
with much effort and he had begun to feel “* pins and 
needles ”’ in the fingers of each hand. He had no com- 
plaints referable to the cranial nerves and sphincter 
function remained normal. 


Examination.—His general condition was good and 
body configuration was normal. His neck was not short. 
Gait was slow and laboured; he shuffled along, stumbled 


when he turned, and swayed when he closed his eyes, — 
The only abnormality in the cranial nerves consisted of — 
fine horizontal nystagmus on right and left lateral gaze. © 
There was no spontaneous nystagmus or oscillopsia and | 
the fundi were normal. The jaw jerk was normal; speech 7 
was normal and there were no bulbar signs. 

The range of neck movements was normal but he © 
disliked fully extending his head because of vertigo. 7 
Power in the arms was normal, and there was no wasting, 
incoordination, or sensory impairment. The arm reflexes, 
however, were abnormal. Both biceps and radial reflexes | 
were absent; the triceps jerks were exaggerated. There 
was brisk finger flexion on attempts to elicit biceps and 
radial reflexes. 


—Case 1: Lumbosacral meningomyelocele. 
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Fic. 2.—Case 1: Radiograph of lumbosacral spine; spina bifida 
L3 to SI. 


Fic. 3.—Case 1: Radiograph of base of the skull, showing gross 
enlargement of the foramen magnum. 


Fic. 4.—Case 1: Upper cervical laminectomy showing protrusion 
of right cerebellar tonsil through the foramen magnum. 
Note the tortuous venous plexus. 


Fic. 2 


There was moderate weakness of both lower limbs 
especially of hip flexion; dorsiflexion of the feet was 
normal. There was no wasting and muscular development 
of the legs was good. Both knee jerks were much 
exaggerated; the left ankle jerk was reduced and the 
right was absent. Both plantar reflexes were extensor. 
There was a slight degree of clawing deformity of the 
right foot. Superficial sensation in both lower limbs to 
mid-thigh level was impaired. Appreciation of passive 
movements of the great toe was defective and vibration 
sensation was considerably impaired at the shins. 


Radiological Examination.—In the lumbosacral spine 
posterior spina bifida from L3 to S1 (Fig. 2) was seen. 

The foramen magnum (Fig. 3) was grossly enlarged 
(antero-posterior diameter 5cm., transverse diameter 
5‘Scm.). There was no evidence of hydrocephalus, 
chronic intracranial hypertension, or basilar impression. 

An anterior view of the cervical spine showed partial 
posterior spina bifida of C2, C5, and C6. A lateral view 
showed enlargement of the antero-posterior diameter of 
the upper cervical spinal canal. Measurements were: 
Cl, 27 mm.; C2, 25 mm.; C3, 17 mm.; C4, 16 mm. 
Average normal readings are: C1, 22 mm.; C2, 20 mm.; 
C3, 17 mm.; C4, 16 mm. 

Lumbar puncture yielded a clear spinal fluid with a 
protein content of 90 mg. %, and a slow rise and fall 
of fluid on jugular vein compression. 

Opaque myelography showed that there was no 
obstruction to the flow of myodil upwards but con- 
irmation was obtained of the increased capacity of the 

pper cervical spinal canal. 
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It was considered that the disability resulted from 
compression of the upper cervical cord by protruding 
cerebellum. There was no clinical evidence of a cervical 
syrinx but a minor degree of cauda equina disturbance 
was presumed to be present. 

Operation.—Cervical laminectomy under _§ general 
anaesthesia was performed with removal of part of the 
occipital bone forming the back of the foramen magnum. 
The spinous process of the axis was abnormally large 
and the posterior arch of the atlas unusually thin, having 
a circular cross section of only 4 in. diameter and con- 
stricting the dural tube which bulged above and below 
it. When the dura was opened the right cerebellar tonsil 
occupied the upper part of the spinal canal, was elongated 
and appeared pendunculated (Fig. 4). Beneath it the 
posterior spinal veins were congested and tortuous and 
the right inferior cerebellar artery was looped down- 
wards. The exposure, particularly the removal of the 
thin posterior arch of the atlas, relieved the compression. 
The dura was left open to further the decompression. 

Subsequent History.—The patient returned to his work 
as a carpenter three months after this operation. There 
is residual spasticity in the lower limbs but he leads a 
nearly normal life. 


Case 2.—I. B., a housewife aged 49 years, was referred 
to Cardiff Royal Infirmary in October, 1956, with the 
complaint of increasing weakness of the legs. This had 
developed gradually over the previous 12 months and 
her gait was now slow and unsteady. She felt that the 
left lower limb was more affected than the right; in the 
past few months weakness had also made itself apparent 
in the left upper limb. She experienced short stabs of 
abdominal pain occasionally and at night she had been 
troubled with flexor spasms in the lower limbs. For two 
months her fingers and hands had become numb and 
clumsy and paraesthesia was intermittent. Her speech 
was becoming slurred. 
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Fic. 5.—Case 2: Scar of operation for removal of 
lumbosacral meningomyelocele in infancy. 
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Fic. 6.—Case 2: Atrophy of right side of the tongue. 


Her previous history was interesting. She was born 
with a lumbosacral meningomyelocele which was removed 
at the age of 1 month. Her development was normal 
except that the left leg was thinner and 4 in. shorter 


than the right. There was nocturnal enuresis persisting ” 


to adult life and periodic urinary incontinence by day. 
She played games in school but was rather clumsy. 
Occasionally she was unsteady on her feet. She had 
always found that her neck was “ stiff’’; she did not 
possess the normal amount of cervical mobility. She 
tended to turn her trunk when she wished to look side- 
ways. At the age of 19 years she fell down a stairway 
in a store in which she was working and immediately 
lost the use of her legs. They were paralysed for five 
months and she was confined to her house for a year. 
No further particulars could be obtained about this 
episode and she had always understood that the paralysis 
resulted from injury to her spine. Her arms were not 
affected. Her legs were numb and there was defective 
urinary control. 

She recovered, returned to her work, and led a moder- 
ately active life. Her gait was never wholly normal, she 
tired easily, could not dance, and a tendency to stumble 
persisted. She married but had no children. She had 
never suffered from blurring of vision, diplopia, or 
transient episodes of weakness or numbness of trunk or 
limbs. Her husband had noticed that at meals of late she 
frequently coughed and choked slightly. Swallowing was 
becoming difficult and there was nasal regurgitation at 
times. 

On examination the scar of the lumbosacral operation 
was visible (Fig. 5) and there was some lack of develop- 
ment of the muscles of the left calf and foot. She was 
of slight build and walked unsteadily in a slow fashion. 
Her speech was slightly slurred and nasal, the optic discs 
and fundi were normal and the corneal reflexes were 
brisk. Palatal movements were weak and the right side 
of the tongue showed atrophy and fibrillation (Fig. 6). 
The jaw jerk was normal. 

Movements of the neck were slightly limited in all 
directions but rotation and lateral flexion to the left 
were distinctly restricted. There was moderate diffuse 
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Fic. 7.—Case 2: Antero-posterior tomograph of the craniovertebral 
junction showing fusion of the odontoid to the left lateral mass 
of the atlas. 


weakness of the left upper limb with slight wasting 
of the extensor muscles of the forearm and the dorsal 
interossei. The reflexes of the upper limbs were sym- 
metrically exaggerated ; the finger jerks were brisk. There 
was moderate weakness of both lower limbs, left more 
than right. Both knee jerks were exaggerated but the 
ankle jerks were absent. There were no plantar reflexes; 
the abdominal reflexes were absent. There was no defect 
of coordination in upper or lower limbs. All forms of 
superficial sensation were impaired in the left upper limb 
below the elbow and in both lower limbs below the 
knee; the impairment was most marked in the peripheral 
parts of these limbs. There was no area of dissociated 
sensory loss. Vibration sensation was absent in the left 
leg and impaired in the right. Appreciation of passive 
movements was defective in the fingers of the left hand 
and in the toes of both feet. 

Radiological Examination.—There was a spina bifida 
involving the first and second sacral vertebrae. The 
foramen magnum and upper cervical spinal canal were 
of normal dimensions. There was a bony abnormality 
involving the atlas and axis, which was studied by 
tomography (Figs. 7 and 8). There was no basilar im- 
pression; the odontoid was fused to the left lateral mass 
of the atlas and also to the clivus where a false joint 
could be seen; the spinous processes of the atlas and 
axis were fused. The atlas was not “ occipitalized ”’, 
there was no atlanto-axial dislocation, and the remaining 
cervical vertebrae were normal. 

Lumbar puncture yielded a clear fluid with normal 
pressure and a protein content of 24 mg. per 100 ml. 
rhe Wassermann reaction was negative and manometry 
was normal. 


Opaque Myelography.—The myodil column flowed 


LUMBOSACRAL SPINA BIFIDA CYSTICA 47 





Fic. 8.—Case 2: Lateral tomograph of the craniovertebral junction 
showing fusion of spinous processes of atlas and axis and fusion 
of the odontoid to the clivus. 


freely upwards through the cervical region and no 
abnormality was detected. 


Operation.—Upper cervical laminectomy under general 
anaesthesia revealed a fusion of the posterior arch of the 
atlas with the spinous process of the axis. There was no 
constriction of the dura, which, when opened, revealed a 
normal cord and cerebrospinal junction. 


Subsequent History.—During the ensuing year her 
condition progressively deteriorated. The eyes remained 
normal; speech became more nasal and less distinct; 
there was loss of the left corneal reflex with hypoalgesia 
of the left trigeminal field; gross wasting and fibrillation 
of both sides of the tongue, dysphagia, palatal paresis, 
and marked wasting of the muscles about the shoulder 
girdle with fasciculation were noted. The muscles of 
both hands wasted and the arm reflexes disappeared. 
Spastic paraplegia was present with all forms of sensation 
impaired below th. 2-3. The pressure and composition 
of the cerebrospinal fluid remained normal. She died 
of suppurative bronchitis on October 17, 1957, two years 
after the onset of the illness. 


Necropsy.—Dr. E. E. Payne made the necropsy 
examination. The spinal cord extended into the sacral 
canal: there was no lumbar enlargement of the cord 
but the dural sac in this region was dilated. The cord 
was tethered to the sacrum. Thin sagittal sections of the 
cervical spine and posterior fossa mounted on paper 
according to the Gough-Wentworth method (1949) 
showed fusion of the odontoid with the left lateral mass 
of the atlas. The tip of the odontoid was also fused to 
the clivus and the anterior arch of the atlas was displaced 
upwards and anteriorly. There was slight diffuse atrophy 
of the cerebral hemispheres with slight ventricular 
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Fic. 9.—Case 2: Transverse section of the sacral spinal cord showing maldevelopment of posterior 


segments of the cord. 


dilatation. There was no tumour or distortion of the 
brain-stem or cerebellum. A spindle-shaped area of 
degeneration approximately 14 in. in length was seen 
in the anterior half of the medulla extending from its 
junction with the cervical cord below to the pons above. 

Microscopical examination of the nervous system 
could not include the medulla as this had been sectioned 
in situ in preparing the thin sagittal sections of the 
cervical spine and base of the skull. The brain was micro- 
scopically normal. In the mid-brain many of the large 
ganglion cells contained pigment. In the thoracic cord 
there was chromatolysis and reduction in number of the 
anterior horn cells with sclerosis in the posterior and 
lateral columns. The architecture of the lumbosacral 
cord was grossly distorted: fat and fibrous tissue replaced 
the posterior segments (Fig. 9). Sections of muscle from 
the thenar groups, forearm extensors, and tongue showed 
fibre atrophy and sarcolemmal proliferation. 


Commentary 


We here have two adults with lumbosacral spina 
bifida and cranioverterbral anomalies presenting 
with a progressive neurological disturbance. In 
Case | there was spastic paraplegia, altered arm 


reflexes, nystagmus, and ataxia; radiological examin- 
ation revealed an enlarged foramen magnum and 
upper cervical canal. Laminectomy disclosed com- 
pression of the cord from a herniated cerebellum 
projected through and itself compressed by an 
abnormal posterior arch of the atlas. In Case 2 
there was progressive paraplegia and bulbar palsy 
together with sensory loss in the left trigeminal 
field, in the left upper limb and below th. 2-3. 
Wasting and fasciculation of the muscles of the 
upper limbs were observed. At operation there was 
no herniation of the cerebellum or deformity of the 
medulla and no syrinx or abnormal dural adhesion 
or membrane. 

In the first case the diagnosis of cerebellar 
herniation was considered most probable in view 
of the enlargement of the foramen magnum. In the 
second there was no compressing lesion of the medulla 
or cervical cord. Disseminated sclerosis was excluded 
in virtue of the muscular wasting and fibrillation: 
pathological examination of the brain and thoracic 
cord disclosed no areas of characteristic demyelina- 
tion. The paralysis of the legs at the age of 19 years 
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vas considered to be due to injury to the congenital 
umbosacral malformation, an occasional occurrence 
) patients with spina bifida cystica. (Concussion 
f the sac in Case 2 also tended to induce weakness 

id numbness of the lower limbs.) Motor neurone 

ease was excluded by reason of the sensory loss 

the left upper limb and the left side of the face. 

e original sensory disturbance in the lower limbs 

iy have been due to interference with the cauda 

uina but as the disease advanced all forms of 

sation were impaired below upper thoracic 
-vels. Although the classical zones of dissociated 
ensory loss of syringomyelia were not found it was 
‘hought that a degenerative lesion was present in 
ihe medulla and cervical cord which was in some 
way related to the congenital anomalies at the 
upper and lower ends of the spinal canal. 

In retrospect it is unfortunate that the technique 
of post-mortem examination of the cervical spine 
and cord by the thin section method was adopted 
in this case. We thought it would help in disclosing 
the relationships between the craniovertebral 
anomaly and the lesion in the neuraxis. Macro- 
scopic degeneration was revealed in the medulla 
but histological studies were then impossible for 
the reasons already given. 

There are two aspects of these cases which are 
noteworthy, first, the problem of delayed neuro- 
logical manifestations of spina bifida, and secondly, 
the question of the association with abnormalities 
at the foramen magnum. 

It is well known that when they occur the neuro- 
logical complications of lumbosacral spina bifida 
occulta may not make their appearance for some 
years—until late childhood or adolescence (Craig 
and Mulder, 1956). Laminectomy may then enable 
us to remove a pad of fat compressing the dura or 
sever adhesions or bands tethering or exerting 
traction upon the cauda equina or conus medullaris. 
In neither of our patients, however, was this the 
explanation: the neurological disability arose not 
at the caudal end of the spinal canal but at the 
craniovertebral junction and was therefore not due 
to the spina bifida. 

Cerebellar herniation through the foramen mag- 
num may be found in patients with or without 
craniovertebral anomalies and meningomyeloceles. 
In association with craniovertebral abnormalities in 
adult patients it has been observed by Chamberlain 
(1939), Gustafson and Oldberg (1940), List (1941), 
Craig, Walsh, and Camp (1942), Scoville and 
Sherman (1951) Garcin and Oeconomos (1953), 
(ogan and Barrows (1954), and by others. With 

normal craniovertebral junction it has been 
teported by Aring (1938), McConnell and Parker 
(| 38), Ogryzlo (1942), Bucy and Lichtenstein (1945), 


Gardner and Goodall (1950), and by others. Both 
types of case have been described by Spillane, Pallis, 
and Jones (1957). Although the term * Arnold- 
Chiari malformation” is usually applied to the 
deformity of the hind-brain in hydrocephalic infants 
with meningomyeloceles, Chiari (1895) also des- 
cribed cases in which there was no meningomyelocele 
and some of these patients reached adult life (six 
out of 14). He referred to these as type | and 
pointed out that the fourth ventricle was not dis- 
placed below the foramen magnum. The cerebellar 

peg-shaped appendage” was often asymmetrical 
and sometimes unilateral. It is this type of mal- 
formation which was found in our first case. There 
was nothing to suggest that the cerebellar displace- 
ment was a result of “ traction” from below or 
pressure from above. It is presumably an anomaly 
of development associated but not in any way 
dependent upon the grosser anomaly at the sacral 
end of the vertebral column. 


Summary 


Two cases are reported of the association of 
lumbosacral spina bifida cystica with craniovertebral 
anomalies. 

Neurological disability arising from the lesion at 
the cranio-vertebral junction began at the age of 
33 years in the first case and 48 years in the second 
case. 

Operation disclosed a Chiari malformation 
(type 1) in the first patient. In the second case the 
appearances were normal but at necropsy a year 
later the only lesion consisted of a sofiening of the 
medulla and cervical cord. 

There was no evidence in either case that anchor- 
age, pressure, or traction on the neuraxis was 
primarily responsible for the lesion in the nervous 
system. 
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THE RELIEF OF MYOTONIA BY THE USE OF A POTASSIUM-BINDING 
RESIN 
BY 
VICTOR TOMPKINS, R. G. LASCELLES, and BRIAN McKINNEY 


From Princess Mary’s Royal Air Force Hospital, and the Royal Air Force Institute of Pathology and Tropical Medicine, 
Halton 


The phenomenon of myotonia comprises a 
lingering relaxation of muscle after contraction, 
and a slow tonic response to stimuli of an electrical 
or mechanical nature. The condition may be 
ameliorated or even extinguished by repeated effort. 
Although well known and the commonest form of 
hereditary muscular disorder seen in young adults, 
it is, nevertheless, a rare condition. 

Three distinct forms of the disturbance are recog- 
nized: (a) Myotonia congenita, where the disability 
exists in a simple form; (6) myotonia atrophica, in 
which disease the defect is associated with muscle 
wasting of typical distribution; and (c) paramyo- 
tonia congenita, a disorder in which myotonia and 
weakness are especially prominent on cooling and 
may be associated with muscle atrophy. It is doubt- 
ful whether the three conditions are in fact entities 
and there is much overlapping between them. The 
literature of these conditions has frequently been 
reviewed, most recently by de Jong (1956) and can 
probably best be summarized by saying that so far no 
unanimity has been arrived at either in describing 
the physiological or pathological factors underlying 
the condition or in arriving at a uniformly satis- 
factory method of treatment for the disability. 

Liversedge and Newman (1956) reported on the 
satisfactory effect of cortisone in myotonia and 
concluded that it was probably due to a modification 
of the susceptibility of the muscle cell membrane to 
potassium ions. They were in doubt as to whether 
the actual elimination of potassium from the body 
was a factor. It was felt that this point could be 
further settled by a procedure specifically directed 
towards removing potassium, the more so since 
long-continued administration of ‘cortisone is 
frequently accompanied by undesirable side-effects 
which may be serious (Allanby, 1957). It was 
decided to investigate the effect of a potassium- 
binding ion-exchange resin for this purpose. This 
method of treatment had previously been used by 
Grittner and Mertens (1953) in a case of myotonia 
congenita with satisfactory results but has not been 


reported before in Great Britain and there is no 
record of the results of treatment of a case of 
myotonia atrophica. Incidental investigation was 
made into the biochemical changes caused by 
exhibition of quinine and procaine amide as control 
substances. 


Methods 


Relaxation time was recorded by Chief Technician * 


W. Glayzer using the method of Liversedge and 
Newman (1956) with surface electrodes and an eight- 
channel Ediswan electroencephalograph. 

Muscle power was recorded under the direction of 
Squadron Leader Lough using a dynamometer. 

Electromyography was carried out by Wing Com- 
mander P. R. Travers and Squadron Leader C. B. Wynn 
Parry, M.B.E., of the Royal Air Force department of 
Physical Medicine, using concentric needle electrodes. 

Total and differential blood counts, Wassermann and 
Kahn reactions, chest radiographs, E.C.G., E.E.G., and 
slit lamp examination of the eyes were carried out on 
admission. 

Serum sodium, potassium, chloride, and bicarbonate 
levels were estimated twice weekly and calcium, phos- 
phate, magnesium, cholesterol urea, creatine, and 
creatinine once or twice weekly. Serum proteins, liver 
function tests, blood sugar and total lipid and phosphate 
fractions were also estimated on admission and a glucose 
tolerance test carried out. Urinary sodium and potassium 
were measured daily throughout the course of treatment 
and urinary creatine and creatinine, 17-oxysteroids, and 
total ammonia and titratable acidity estimated once 
weekly. The results of these tests are only included when 
thought significant. 


Case Reports 

Case 1.—An 18-year-old airman was referred to 
hospital after weakness in the muscles of the right fore- 
arm and hand had been discovered at a routine medical 
examination. 

He stated that for several years he had experienced 
difficulty in keeping his mouth closed, especially when 
tired, and in addition his tongue appeared to “ tighten 
up ” after he had been speaking for some time. Further 
questioning revealed that a younger brother aged ‘2 
had begun to experience similar symptoms. No other 
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member of the family was affected as far as could be plasma bicarbonate 31-2 mEq./I., blood urea 25 mg. per 
ascertained, and there was no familial history of cataract. 100 ml. 

On examination he was a well-nourished boy with The serum calcium level was 5-9 mEq./l., phosphate 
ncipient frontal baldness, facial atrophy, and weakness 4:1 mg. per 100 ml., magnesium 2-8 mg. per 100 ml., 
if the peri-oral muscles. The sternomastoids and shoul- serum cholesterol 149 mg. per 100 ml., serum creatinine 
ler muscles were grossly atrophic, giving him a swan- 1-16 mg. per 100 ml., and creatine 0-30 mg. per 100 ml. 
ecked appearance. The muscles of both forearms and The urinary sodium was 320 mEq. in 24 hours and 

inds, particularly the right, were wasted and he had potassium 115 mEq. in 24 hours. The output of 17- 
<treme difficulty in writing more than a few sentences. oxysteroids was 6 mg. in 24 hours and creatinine 1-5 g. 
\lyotonia was present in the muscles of both hands and __ in 24 hours. No creatine was present. 

» required several seconds to release his grip after a The fasting blood sugar was 75 mg. per 100 ml. and 

ind shake. Percussion myotonia of the tongue and a glucose tolerance test gave a very flat curve. This was 
houlder muscles was elicited. not due to glucose being delayed in the stomach as a 

A chest radiograph, E.C.G., E.E.G., blood count, barium swallow showed a normal rate of emptying. 
\Wassermann and Kahn and slit-lamp examinations were Serum protein and liver function tests were normal 
ill normal. and estimations of phosphate and lipid fractions gave 

An electromyogram on February 18, 1957, on the _ results which were within normal limits. 
xtensors of the right forearm showed the classical The relevant findings on the case are charted in Fig. 1. 
victure of dystrophia myotonica. Exceptionally high The patient was observed for four weeks and on 
‘requency discharges on volition of small duration April 4, 1957, potassium exchange therapy was started. 
but normal amplitude were obtained. On tapping the The initial dosage of “ resonium A” was 45 g. per day 
muscle a prolonged outburst of high frequency discharges taken in three divided doses of 15 g. with meals. This 
vith a pronounced after-discharge was obtained. Similar was continued until April 18, 1957, when, as the serum 
but less obvious signs were seen in the right biceps. potassium had dropped to 3-8 mEgq./l. the resin was 

The serum poiassium level was 6mEq./l., serum stopped for one day and then re-started in a dosage of 
sodium 152 mEq./l., plasma _ chloride 107 mEq./l., 15g./day. This dosage was continued until April 29, 

apy lon-Exchange Resins Quinine lon-Exchange Resins 
a ee mT Har | 
6.0 
5.5 
5.0 
4.5 
4.0 
6.0 ae 
5.5 
5.0 
6. jn 
’ 
> 4 5 
2 — 
° 
>» 
OL 
ys in ” ¥ —— v ¥ nd ¥ * —— ¥ * ~ ~ dl a ¥ 
spital | 10 =6©20—Ss( 30 40 50 60 70 80 90 1100 +810 120 130 140 150 160 168 30 60 days 


MYOTONIA RELIEVED BY POTASSIUM-BINDING RESIN 








51 








Fic. 1 


after discharge 





52 VICTOR TOMPKINS, R. G. LASCELLES, AND BRIAN McKINNEY 


1957, when the treatment was stopped as our attention 
had been drawn to the paper of Liversedge and Newman 
and we wished to use their method of measurement of 
myotonic time. 

The strength of the hand grip was originally 12 lb., 
but under treatment it increased until it reached a 
maximum of 44 lb. on April 22, 1957. Thereafter it fell 
progressively with cessation of treatment to its previous 
level of 12 Ib. 

On May 18, 1957, treatment was started with quinine 
dihydrochloride as a control, given as one 5-grain tablet 
four times a day. At this dosage level the patient com- 
plained of tinnitus so the dosage was adjusted until the 
amount of quinine given was just below that which 
would cause tinnitus. This was found to be 15 grains 
per day and the patient was maintained on this until 
June 2, 1957. No subjective or objective relief was gained. 

On June 10, 1957, a second course of potassium- 
binding resin was begun in a dosage of 30 g. three times 
a day. The duration of myotonia began to drop from 
values in the region of 6 to 7 sec. and the power of the 
right hand began to increase within a few days of the 
start of the treatment. On June 27, 1957, a second electro- 
myogram was carried out with the following report :— 

“* On volition there were predominantly normal action 
potentials with only a very few typical high frequency 
discharges. Percussion of muscle produced only a 
transient increase in the rate of fibrillation and no true 
myotonia. The myographic picture appears to have 
changed to a marked extent as compared to that obtained 
on May 27, 1957.” 

Treatment was continued and by July 2, 1957, the 
patient was able to write sufficiently freely to sit a univer- 
sity entrance examination. The duration of myotonia 
had decreased to about two seconds and the power of 
his grip had risen again to a value in the region of 40 Ib. 
On July 26, 1957, treatment was stopped. 

During the periods of resin therapy there was a 
marked decrease in excretion of urinary potassium. In 
this time the patient did not become acidotic, the 
bicarbonate level never falling below 25 mEq./l. and 
there was no change in serum or urinary levels of creatine 
of creatinine. 


Case 2.—A 2l-year-old airman was admitted to 
hospital complaining of stiffness of his hands and legs 
dating from early childhood. This stiffness was most 
noticeable when he attempted to move suddenly after a 
period of rest. Three months before admission he had a 
fall while playing cricket and on the following day he 
found he was unable to release his hand grip. As far as 
we could ascertain no other members of the family were 
affected. 

On examination he was a well-built, muscular boy. 
He had myotonia in both hands and percussion myo- 
tonia could be demonstrated in the muscles of the fore- 
arms and shoulders. There was no measurable loss of 
power. The patient was not very cooperative and 
investigation and treatment were reduced to a minimum. 

A chest radiograph, E.C.G., E.E.G., Wassermann and 
Kahn reactions, blood counts, and slit-lamp examination 
were all normal. 


Therapy 
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An electromyogram gave a classical picture of myo- 
tonia congenita. 

The serum potassium level was 5:4 mEq./I., sodium 
141 mEq./l., chloride 104 mEgq./I., and plasma_bicar- 
bonate 23 mEgq./I., serum cholesterol 210 mg. per 100 ml., 
and urea 33 mg. per 100 ml., serum calcium 5-7 mEq./I., 
inorganic phosphate 4:5 mg. per 100 ml., and magnesium 
2:3 mg. per 100 ml. 

The blood sugar was 90 mg. per 100 ml. and a glucose 
tolerance test gave a normal curve. Liver function tests 
and estimations of phosphate and the lipid fraction gave 
results which were within normal limits. 

The urinary sodium was 191 mEq./24 hours and 
potassium 66 mEq./24 hours. The output of 17-oxy- 
steroids was 2:1 mg./24 hours, creatinine 1-9 g./24 
hours, and creatine 0-2 g./24 hours. 

Treatment was started on June 24, 1957, with potas- 
sium-binding resin (“resonium A’) in a dosage of 
30 g. three times a day. The myotonia improved markedly 
within a short time, as shown in Fig. 2. 

Subjectively the patient noted the stiffness in his legs 
had practically gone and he was able to release his grip 
much more easily than before. Percussion myotonia 
could no longer be elicited after three weeks of treatment, 
which was stopped on July 22, 1957. A second electro- 
myograph was refused. The serum potassium and 
calcium levels dropped slightly but not to the same degree 
as in Case 1. No other biochemical changes were noted. 
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Case 3.—An airman of 19 was admitted complaining 
of inability to release the grip of both his hands and of 
increasing stiffness in his jaw since the age of 16. His 
father was found to be suffering from the same disease, and 
in his case the symptoms appeared when he was aged 35. 

On examination he was found to be a well-built youth. 
He had marked myotonia both in the jaw muscles and 
on the hands. Percussion myotonia could be demon- 
strated in the jaw, tongue, and both arms, There was no 
loss of power. 

A chest radiograph, E.C.G., E.E.G., slit-lamp examina- 
“ion, Wassermann and Kahn reactions, and blood counts 
vere all normal. 

An electromyogram was carried out on July 4, 1957, 
with the following reports :— 

* A needle electrode was inserted into the flexor carpi 
ulnaris. Positive insertion potentials. At rest irregular 
fibrillation potentials with some sporadic isolated muscle 
potential of up to 300 mv. was elicited and on volition 
profuse activity with high frequency potentials of up to 
1.800 mv. Considerable after-activity continued for 
about seven to eight seconds after voluntary relaxation 
had begun. A myotonic response was obtained on 
percussion of a muscle belly. The changes were charac- 
teristic of myotonia.” 
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The serum potassium level was 4-9 mEq./I., sodium 
136 mEq./l., chloride 111 mEq./l., plasma bicarbonate 
28-8 mEq./l., blood urea 34mg. per 100 ml., serum 
calcium 5-7 mEq./l., phosphate 4-5 mg. per 100 ml., 
magnesium 2:°9mg. per 100ml., serum cholesterol 
135 mg. per 100 ml., serum creatinine 1-1 mg. per 100 ml., 
and creatine 0-23 mg. per 100 ml. Liver function tests, 
serum proteins, and estimations of phosphate and lipid 
fractions were all within normal limits. 

The urinary sodium was 238 mEq./24 hours, potassium 
107 mEq./24 hours, 17-oxysteroids 8-3 mg./24 hours, 
creatinine 2-7 g./24 hours, and creatine 0-16 g./24 hours. 

Treatment was begun on July 9, 1957, with procaine 
amide hydrochloride as a control in a dosage of 0-5 g. 
four times a day. On July 16, 1957, the dosage was 
increased to 3 g. daily but at no time were any beneficial 
results obtained and the therapy was stopped on July 19, 
1957. Treatment with ion exchange resin was begun on 
July 21, 1957, in a dosage of 30 g. three times a day with 
steady response. This dosage was increased to 45 g. 
three times a day one week later with further improve- 
ment. Because of side-effects it was impossible to main- 
tain the increased dosage of resin and it was decided to 
attempt to potentiate the effect of the lower dose of the 
resins by increasing potassium excretion. Diamox 
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(acetazolamide) was given for one week for this purpose 
but proved ineffective. However, progress continued on 
the lower dosage. The patient found he could release 
his grip much more easily than before and the percussion 
myotonia could no longer be elicited. A second electro- 
myogram was Carried out on September 11, 1957, showing 
a very marked change in the myographic picture. (1) There 
was practically no insertion potential. (2) There was no 
electrical activity at rest. (3) There were very few high- 
voltage potentials on volition and the interference pattern 
was now almost normal. (4) Electrical activity died away 
within two or three seconds of voluntary relaxation. These 
changes showed a considerable return towards normality 
in the myographic picture. 

The patient has been discharged on the resin and his 
improvement has been maintained. His father, who 
suffers from the same disease and has been treated with 
procaine amide, regards the improvement as so satis- 
factory that he wants to start taking potassium-binding 
resins himself. 


Discussion of Biochemical Results 

All three patients obtained objective and sympto- 
matic relief from myotonia when treated with the 
potassium-binding resins. 

The only biochemical changes of note obtained 
during therapy were in the serum potassium and 
calcium levels. 

In Cases | and 2 (Figs. | and 2) the fall paralleled 
closely the clinical improvement of the patients as 
judged by a decrease in the degree of myotonia. 
On cessation of treatment on two occasions in 
Case |, the serum potassium and calcium rose to 
their pre-treatment level as the myotonia returned. 
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In Case 3 there was no significant change i 
serum potassium or calcium level and yet the 
myotonia improved rapidly (Fig. 3). The explana 
tion of this may be simply due to the fact that thi: 
patient was allowed home frequently and that th 
rise of serum potassium closely paralleled thes 
visits, possibly due to the fact that the patient did no 
take the resins while at home. On the other hand 
it may be that the action of these resins is not simply 
to lower extracellular potassium but also the intra 
cellular potassium. This would be followed by a 
movement of sodium into the cell and the relief of 
the myotonia might be due to alterations in the 
extracellular/intracellular ratio of sodium. Against 
this is the fact that neither in this case nor in the 
other two cases were there any changes in the serum 
sodium. To elucidate this point further, assays of 
intracellular potassium and sodium should be 
carried out during treatment with these resins. 

The fall in serum calcium in Cases | and 2 was 
comparatively slight and it is improbable that by 
themselves these changes could cause any significant 
changes in the muscle excitability. There was also 
no significant alteration in the serum potassium 

calcium ratio which could account for the clinical 
improvement in these cases. 

None of the patients became saiibiille, the plasma 
bicarbonate staying within normal limits in all the 
cases. 

The urinary excretion of potassium was decreased 
in all the patients during resin therapy as illustrated 
in Case | (Fig. 4). Serum and urinary creatine and 
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creatinine levels showed no alterations during 
treatment. 

No biochemical changes of significance were noted 
during treatment with quinine in Case | or procaine 
amide in Case 3. 


Discussion 

The relationship between muscle function and 
potassium has recently been reviewed by Grob, 
Liljestrand, and Johns (1957), and they point out 
that the resting potential difference in muscle cell 
membrane is principally related to the difference of 
potassium concentration between the inside and 
outside of the cells. This resting potential difference 
largely determines the excitability of the muscle 
since the lower the resting potential the more easily 
it is depolarized and vice versa. 

In myotonic muscle the intracellular potassium 
may be reduced by as much as one half (Cumings, 
1939). In the presence of a normal extracellular 
(serum) potassium level it is apparent that the resting 
potential of such muscle will be materially lowered 
and the muscle show increased excitability. Since 
the ratio in man between intra- and extracellular 
potassium is roughly 30 to | and the dependence of 
resting potential on the potassium differential is a 
logarithmic one (Ling and Gerard, 1949), a small 
lowering of extracellular potassium can compensate 
for a marked change in the intracellular content. 
It has, moreover, been shown by Flear, Cooke, and 
Quinton (1957) that there is no interdependence 
between the exchangeable body potassium and the 
serum potassium, so that quite wide variations in 
intra- and extra-cellular movement can take place 
without any linked effect. 

In our experiment which resulted in a decrease of 
extracellular potassium it seems reasonable, there- 
fore, to assume little change in the decreased intra- 
cellular potassium and to explain the decrease of 
myotonic irritability as being directly due to a 
reduction of muscle excitability. That this is 
a fundamental factor is supported by the fact 
(Norris and Chatfield, 1955) that action potentials 
which entirely parallel those found in myotonia 
may be seen in the pure dystrophies and in de- 
nervated muscle, in which the intracellular potas- 
sium may be similarly reduced. At our request Wing 
Commander Travers carried out the following 
experiment. 

The arm and hand of a normal control were 
immersed in cold water at 40° F. until cramp was 
produced by voluntary effort. 

‘** Normal interference pattern with inlays of short 
duration potentials were seen. These resembled those 
in untreated myotonia. On allowing the limb to warm 


up the myograph tracing returned to normal and no 
cramp was experienced.” 


The effect of cold is decremental of intracellular 
potassium and is the trigger factor in the variety 
of the condition known as paramyotonia. It is our 
contention that the basic factor in myotonia is an 
alteration in muscle excitability due to shift in the 
potassium ratio, and that similar electrical findings 
can be demonstrated in muscle whenever minimal 
excitability occurs either for physiological or patho- 
logical reasons. 

There are, however, certain distinctive features in 
myotonia which cannot..be.accounted for on this 
simple basis. First, in our experiment the power of 
muscle action in the case of dystrophia myotonica 
showed an increase with treatment and resulting 
decreased muscle excitability. The work of Grob, 
Johns, and Harvey (1957) demonstrated that in 
normal muscle increased muscle excitability resulted 
in increased power. Secondly, the same authors found 
that exercise resulted in a decrease of intracellular 
potassium. It would be expected, therefore, that 
repeated contractions of myotonic muscle would 
cause a similar lowering of intracellular potassium 
with heightened excitability and exaggeration of the 
myotonic response. The contrary is the case and 
the myotonic state works off with repeated move- 
ment. Thirdly, the specific action of myotonic 
muscle which is seen clinically as a symptom and 
electrically as ‘“‘ dive bomber” potentials has no 
parallel in the other conditions of lowered intra- 
cellular potassium. It is apparent that these dis- 
tinctive features occur only under conditions of 
stimulation of the muscle either by nervous impulse 
or mechanical stress. 

The action of both these stimuli is mediated by 
the release of acetylcholine and we suggest that the 
specific factor in myotonia is a defect in acetyl- 
choline action. The action of acetylcholine in pro- 
ducing muscle contractions depends on two factors. 
First the excitability of the muscle, and secondly the 
available concentration of acetylcholine. In the 
presence of the state of easy depolarization produced 
by a low intracellular/extracellular potassium ratio, 
the initial clinical myotonic response to release of 
acetylcholine by stimulus is easy to understand. The 
particular phenomenon of working off could be 
explained if a mechanism existed whereby acetyl- 
choline in excess was initially made available by 
stimulus and the source rapidly exhausted. This 
could presumably occur if myotonic muscle had an 
intrinsic defect of acetylcholine binding power com- 
parable to that demonstrated in epileptic cerebral 
cortex (Tower, 1952). 

It remains to comment on our finding of increased 
muscle power in the case of myotonia atrophica 
concurrent with decreased muscle excitability. 
Grob et al. (1955) showed that in the presence of 
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free acetylcholine muscle fails relatively in its 
ability to contract within half a minute, possibly 
by the setting up of a non-polarizable block and 
that this may last for up to half an hour. If we are 
correct in our assumption of an excess of free 
acetylcholine in myotonic tissue the loss of power 
can be accounted for by such a mechanism. 


Summary 

Two cases of myotonia congenita and one case 
of myotonia atrophica were treated with potassium- 
binding resin and showed objective and subjective 
relief. 

Myotonia was greatly diminished in all cases and 
the abnormal electromyograms restored to normal 
form. In the case of myotonia atrophica the muscle 
power was greatly increased. 

An explanation of the results is offered on the 
basis of the effect of pofassium on the resting cell 
potential. 





’ VICTOR TOMPKINS, R. G. LASCELLES, AND BRIAN McKINNEY 


A hypothesis is advanced as to the pathology «f 
the condition. 


Our thanks are due to the Director General of Medic::| 
Services, Royal Air Force, for permission to publish this 
paper, to Corporal Technician McGhee for carrying out 
many of the biochemical investigations, to Dr. A. 1, 
Richardson of the Royal Free Hospital for his helpful 
criticisms, and to the medical and nursing staff of 
Princess Mary’s Royal Air Force Hospital, Halton. 
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THE ESTIMATION OF MOTILITY DURING REST OR SLEEP 


BY 


G. H. COX and E. MARLEY* 
From the Professorial Unit, Maudsley Hospital, London 


It has been suggested that motility during sleep 
bears a reciprocal relation to depth of sleep (Pai, 
1950). Kleitman (1932) and Maliniak (1934) describe 
mechanical or pneumatic systems for determining 
sleep motility, and Kleitman refers also to a photo- 
electric device which interpolates movements from 
the frequency of interruption by the sleeper of a 
source of light directed on to the bed (Kleitman, 
1944). 

The effect of drugs on movement during sleep 
might therefore be utilized as one criterion of the 
value of hypnotics. Yet methods for measuring sleep 
motility have been disappointing, the apparatus 
being cumbersome, or by virtue of its activity likely 
to keep the subject awake, or, when none of these 
demerits were applicable, the results obtained were 
difficult to quantitate. It is not surprising that 
Lasagna, in a recent appraisal of the efficacy of 
hypnotic agents, relied upon a combination of direct 
observation of the subject at intervals during the 
night together with the patient’s estimate of sleep 
(Lasagna, 1954). 

The apparatus here to be described operates on 
simple electronic principles and provides a reliable 
objective estimate of the amount of movement while 
the subject is recumbent or asleep. 


Apparatus 

The instrument is based on that designed originally by 
Mr. W. D. Furneaux. This consisted of four plungers 
arranged to lie under the transverse and longitudinal 
dimensions of the bed, the caps at the upper ends of the 
plungers being adjusted to make contact with the under 
surface of the mattress wire only if the subject was 
recumbent. The lower ends of the plungers abutted on to 
microswitches operating on the make-and-break principle, 
all four being connected in parallel. A downward dis- 
placement of any of the plungers completed the circuit, 
the resultant potential operating a counter remote from 
the ward. Furneaux found a reasonable correlation 
between motility scores obtained on this bed and a 
nurse’s rating of the patient’s depth of sleep (Furneaux, 
personal communication). 





*Present address: Department of Pharmacology, Royal College of 
Surgeons, Examination Hall, Queen Square, London. 
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Fic. 1.—Semi-diagrammatic version of the apparatus mounted under 


the patient's bed. 


We substantially modified this apparatus, some of its 
disadvantages being eliminated. 

The plunger system was replaced bya cord drive (Fig. 1) 
connected above through an adjustable slide to a hook 
attached to the mattress wire. Below, the cord makes two 
revolutions (not shown in Fig. 1) around a brass pulley, 
as a single revolution was inclined to slip. Tension in the 
cord was maintained by a central spring. The slide (and 
cord length) is adjusted to the displacement of the mattress 
wire with the subject lying motionless in bed so that the 
relay just fails to operate. The microswitches were 
replaced by four standard linear carbon potentiometers 
(only two shown in Fig. 1), each attached to one of the 
brass pulleys. Movements at the pulley will therefore 
produce voltage differences at the potentiometer, the 
greater the movement the larger the potential difference. 
This voltage change was fed into the circuit shown in Fig. 2 
and amplified at the 6J6 valve to provide enough current 
to work the Veeder-Root counter from which scores were 
read hourly from 10 p.m. to 6 a.m. (total motility scores). 
Hourly scores were obtained, as it was hoped in a drug 
trial, to ascertain the earliest moment at which drug 
effects were detectable. A pen recorder could be incor- 
porated in the circuit if required. 


; Validation of the Bed 

It was essential to show that scores obtained with the 
bed were consistent, that is to say, that no variations that 
could be ascribed to outside influences (drugs) were being 
introduced by imperfect functioning of the apparatus. 
Secondly, while it was surmised that the bed measured 
movement, corroboration had to be obtained by correlat- 
ing the motility scores with ratings of restlessness by 
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Fic. 2.—Circuit diagram for apparatus under th 
bed and recording unit. (P potentic 
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observers (nurses and patients), nurses’ ratings of sleep 
or restlessness being traditionally more reliable than those 
of the patient. 


Reliability of the Apparatus 

This was tested by two investigations. The first con- 
sisted of analysing the total motility scores between 
10 p.m. and 6 a.m. for seven patients who had been sleep- 
ing on the bed for at least two nights before beginning a 
five-day trial (Table 1). This stricture was imperative, 
as unrepresentative high scores were always returned for 
the first night on the bed of the patient being tested. 
The seven patients were men aged 31 to 60 years. Four 
of the seven suffered from depressive illnesses, two were 
chronic alcoholics withdrawn from alcoho] for at least 
four weeks, and the last was a patient with “psychogenic 


TABLE | 


im 
vomiting”. Four of the seven continued their night 
hypnotic (200 mg. amylobarbitone sodium) throughout 


the test phase, two received pentobarbitone sodium, 
200 mg., and one slept without medication. The results 


CHECK CURRENT 


were subjected to analysis of variance. Only that part of 


the variance due to the difference between patients was 
significant (F = 3-92, p <0-01). The difference between 
mean motility scores for the five consecutive nights can 
therefore be assigned to the difference between subjects 
and not to a significant variation in function of the bed 
during the test period. 

The results for the second part of the investigation 
(Table 1) derived from 11 patients undergoing a drug 
trial during which they received placebo (alternating 
with other drugs) on thrée nights during each of two 
consecutive series both extending over nine nights. Fuller 


MEAN, RANGE, AND STANDARD ERROR OF THE MEAN OF MOTILITY SCORES DERIVED FROM SEVEN PATIENTS 


RECEIVING EITHER MEDICATION OR NO MEDICATION AND 11 SUBJECTS RECEIVING PLACEBO 





| = Motility | 
Scores 


Number of 
Patients 


Indices _ 
(units) | 1 





~ Mean 
Range 
S.E. of Mean 





Nights 








| Mean 
a.m. Range 
S.E. of Mean 








6-110 
9-8 





Mean 
Range 
S.E. of Mean 











5 
76 16-155 























































































ye eee 












































iG. 3.—Scatter diagram of total motility scores (10 p.m. to 6 a.m.) 

and nurses’ rating for seven patients on five consecutive nights. 
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details are included ina further paper (Hinton and Marley, 
1959). Total motility scores between 10 p.m. and 2 a.m. 
and 10 p.m. and 6 a.m. were examined by analysis of 
variance. The only significant contribution to the total 
variance for the scores between 10 p.m. and 2 a.m. came 
from the differences between patients (F = 8-84, p < 0-01) 
as was also the case for the motility scores between 10 
p.m. and 6 a.m. (F 13:24, p < 0-001). 

Thus the actual functioning of the bed as determined 
either from motility scores for part of (10 p.m. to 2 a.m.) 
or the whole of the night (10 p.m. to 6 a.m.) can be 
excluded as a significant source of difference in motility 
scores. 


Nurses’ Rating and Motility Scores 


The motility scores were recorded hourly by one nurse 
for each of the original seven patients between 10 p.m. 
and 6 a.m. At the same time another nurse was required 
to give an independent estimate of the patient's restless- 
ness (sleep) during the prescribed hour. An arbitrary 
rating was adhered to, that of 1 for normal sleep, 2 for 
mild restlessness, 3 for moderate restlessness, and 4 if 
the patient should be excessively restless (8-32 = minimal- 
maximal night rating). Fig. 3 is a scatter diagram of the 
nurses’ rating (ordinate) plotted against the respective 
nightly total motility scores of each patient (abscissa) 
during the five-day period. The correlation between the 
two was significant (r = +0-81, pP < 0-01). Thus move- 
ment as measured by the apparatus correlates highly with 
the nurses’ ratings of movement. 


Patients’ Rating and Motility Scores 


A “five-question”’ questionnaire (Fig. 4) was presented 
cach morning to the seven subjects during the five-day 


APPARATUS FOR ESTIMATING MOTILITY DURING SLEEP 










59 


Fic. 4.—Sleep questionnaire completed by patients each morning. 
Figures in parentheses represent arbitrary rating for each item 
of the five questions. 
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trial period. (This was evolved by Dr. D. L. Davies and 
had been used by him in a previous drug investigation.) 
The questionnaire was arbitrarily scored (figures within 
brackets) so that an evaluation might be derived from the 


patient’s own estimate of soundness of sleep (5 = minimal, 
18 = maximal night rating). The scatter diagram relating 
the total individual motility scores (10 p.m. to 6 a.m.), for 
each of the five nights to the ratings derived from the 
patients is depicted in Fig. 5, there being no significant 
correlation between the two (r +0-04, pP > 0-15). 


Discussion 


No one method used alone provides a satisfactory 
estimate of the hypnotic properties of drugs (Isaacs, 
1957). However, the apparatus described above for 
recording movements during sleep or recumbency 
seems reliable and provides quantified data. The 
scores obtained were consistent if estimated over 
periods from 10 p.m. to either 2 a.m. or 6 a.m. Dif- 
ferences in mean motility scores that did emerge 
were ascribable to the differences between patients 
themselves rather than to discrepancies in serial 
functioning of the bed. As motility scores could be 
obtained at hourly intervals during the night, it was 
theoretically possible to study the time of onset of 
reduced movements, and, by inference, of the latency 
before significant drug action appears. 

The apparatus required only weekly calibration 
and the incorporation of the valve and step-counter 
was a definite improvement. Small movements 
closely associated in time, but accompanied by sub- 
threshold changes at the potentiometer, would 

















questions concerning your sleep last night. 


15 minutes 


(4) 
2-4 hours 


| got off to sleep in 
(5) 

0-2 hours 

(1) 


continuous 


| slept for 






(2) 


My sleep was 


(1) (2) 
My sleep was heavy sound 
(1) (2) 
On waking | felt refreshed as usual 


summate, which would have been impossible with 
the microswitch system on account of its inertia. 
However, as there is a slow leak of potential at the 
valve, intermittent small movements with spaced 
sub-threshold changes at the potentiometer will not 
summate. The other difficulty with the plunger and 
microswitch apparatus is that of the individual roll- 
ing on to his side and permanently depressing the 
microswitch, so creating a technical short circuit with 
no recording of further movement as long as he 
remains in that one position. This did not occur. 

The high correlation between the nurses’ rating of 
the patient’s movement (and sleep) and the motility 
scores is striking, indicating that the apparatus was 
measuring restlessness. An objection could be that 
the rating of the patient’s movement by one nurse and 
the recording of the appropriate motility score by 
another was not independent. The possibility of col- 
lusion, while feasible, is unlikely. Straus, Eisenberg, 
and Gennis (1955) relied on the nurses’ estimation 
of the patient’s sleep, regarding it as consistently 
superior to that of the patient. 

There was no significant correlation between the 
patient’s estimate of soundness of sleep and the 
motility scores. Two groups of investigators (Foltz, 
Dracos, and Gruber, 1955; Rushbrooke, Wilson, 
Acland, and Wilson, 1956) relied exclusively on the 
subjects’ estimate of sleep. Imboden and Lasagna 
(1956) found there was a tendency for patients to 
underrate the effects of medication compared with 
the nurses’ corresponding estimate. 

One advantage of using motility as an index of 
sleep is that it is a continuous objective recording, 
in contrast to nurses’ ratings of sleep which are 
subjective and intermittent. Little cooperation is 


required from the patient, a fact of importance if 
patients with psychiatric illnesses are included in the 
drug trial. 
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Please underline the answer you wish to give to the following 
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Fic. 5.—Scatter diagram of total 
(3) motility scores (10 p.m. to 6 


a.m.) and patients’ rating for 
seven patients on five consecu- 
tive nights. 
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Summary 


A method for measuring motility during sleep or 
recumbency is described. 

Consistent results were obtained from one group 
of patients receiving placebo and from another 
taking either hypnotics or no medication. 

Such differences in mean motility scores as did 
occur were ascribable to the. differences between 
patients rather than to discrepancies in serial func- 
tioning of the apparatus. 

The nurse’s independent estimate of the patients’ 
motility and sleep correlated highly with the motility 
scores. 

The patient’s estimate of the soundness of his own 
sleep did not tally with the motility scores. 


We take pleasure in thanking Professor A. J. Lewis, 
whose suggestion it was to use motility as an index of 
sleep in psychiatric patients, Dr. D. L. Davies for his 
ready interest and encouragement, Dr. A. E. Maxwell for 
invaluable statistical advice, the nursing staff of Ward 4, 
particularly Sister H. Hynes and Nurse D. Hodge, and 
Mr. D. A. Green for photographing the stencils. 
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BLOOD-CEREBROSPINAL FLUID BROMIDE RATIOS 
IN MENTAL PATIENTS 


BY 


A. J. COPPEN 
From the Institute of Psychiatry, Maudsley Hospital, London 


“The fixity of the internal environment is in short 
the condition of mental activity.” Barcroft (1934), 
by this modification of Claude Bernard’s famous 
aphorism, emphasized the necessity of maintaining 
the constancy of the composition of the brain to 
ensure its normal functioning. Among the 
mechanisms for ensuring this constancy are the 
blood-brain and blood-cerebrospinal fluid barriers. 

The term “blood-C.S.F. barrier” was first used by 
Stern (1923) and the concept was based on observa- 
tions that the concentration of numerous substances 
in the blood and in the cerebrospinal fluid differed 
in such a way as to suggest a “barrier” between the 
two fluids. Many substances were used in studies of 
this barrier, notably sodium bromide whose many 
advantages were pointed out by Walter (1925). He 
found the ratio between the concentration of brom- 
ide in the cerebrospinal fluid and the concentration 
of bromide in the serum to be about constant, for 
any particular patient, when a steady state had 
been achieved. 

The publication of Walter’s observations was fol- 
lowed by the widespread use of bromide in the 
investigation of neurological and psychiatric dis- 
orders. The chief findings in the latter may be 
summarized as follows. Whereas the bromide ratio 
was normal in patients suffering from manic- 
depressive -psychosis, schizophrenics had ratios 
indicating decreased permeability and patients with 
certain organic psychoses had ratios indicating 
increased permeability. There was considerable over- 
lap between the ratios for the different groups, and 
the evaluation of the results remained equivocal 
because of the various criticisms which were levelled 
at the accuracy of the technique (e.g., Fremont- 
Smith, Dailey, and Sloan, 1935; Carmichael, 
Rheingold, and Linder, 1935). It was thus desirable 
to repeat the work with a more accurate method. 
Such a method was provided by Hunter (1953). 

The purpose of the present investigation was to see 
if mental diseases are associated with an alteration 
in the bromide ratio determined by Hunter's method. 
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Material and Methods 


The diagnostic groups studied were: (a) Schizophrenia, 
(b) affective disorders, (c) senile psychosis, (d) puerperal 
psychosis, (e) general paresis. Altogether 79 patients were 
tested. 

The ratios obtained from the patients were compared 
statistically with a control group. In a test involving a 
lumbar puncture it is hardly possible to obtain a random 
sample of healthy members of the general population. 
However, Drs. Honor Smith and George Hunter 
generously provided the clinical details and bromide 
ratios of 34 patients suffering from somatic complaints, 
in whom there was no evidence of mental illness or disease 
of the central nervous system. These patients formed the 
control group of the present investigation and will be 
described in detail later. The psychiatric subjects were 
patients in whom the diagnosis was unequivocal and had 
been confirmed by at least one consultant psychiatrist. 
To avoid the possible effects of deep insulin and electro- 
convulsive therapy on the bromide ratio, no patient was 
included who had had physical treatment during the year 
preceding the test. 

Sodium bromide was administered orally for three days 
in a dose of 1 g. thrice daily. Two days were then allowed 
to elapse and on the sixth day cerebrospinal fluid was 
obtained by lumbar puncture with the patient lying in 
the right lateral position. Approximately 5 ml. of fluid 
was obtained by direct flow into a chemically clean con- 
tainer. About 10 ml. of blood was obtained by vene- 
puncture within 30 minutes of the Jumbar puncture. The 
blood was allowed to clot and was centrifuged to separate 
cells and serum. 

The reliability of the bromide estimations was investi- 
gated by calculating the product moment correlation 
coefficient between the duplicate results of the first 20 
estimations. The correlation coefficient was high (0-98) 
indicating a very satisfactory level of reliability for the 
test both in blood and cerebrospinal fluid. 


Results 


The mean and standard deviation of the bromide 
ratio and the age of the patients of the control and 
the other groups are given in Table 1. Comparisons 
of the bromide ratios between the various groups 
by the t test are shown in Table II. 
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TABLE I 


BROMIDE RATIOS AND AGES OF THE CONTROL AND PSYCHIATRIC GROUPS 











Ss : | 
Qe _ | Age Bromide Ratio | Correlation Coefficient fcr 
| | leas | S.D. Aeon | S.D. Age and Bromide Ratio 
Control 34 | 42:7 20:2 0-39 « 0-06 0.41 p< 0.02 
Schizophrenia 27 31-4 78 0-40 0-07 0-10 not significant 
Affective disorders 17 | 40:9 11-3 0:39 0-05 0-55Pep< 0-05 
Senile dementia 17 72-6 3-4 0-42 0-06 0-28 not significant 
Puerperal psychosis | 10 29-7 3-0 0:38 | 0.06 0-49 not significant 
General paresis 8 56-0 14-2 0-37 0-03 0-54 not significant 





TABLE II 


COMPARISON OF BROMIDE RATIOS OF VARIOUS 
PSYCHIATRIC GROUPS WITH CONTROL GROUP AND 
EACH OTHER BY t TEST 








Groups Compared t P 
Schizophrenia: control 0.44 | Not significant 
Schizophrenia: affective disorder 0.36 Not significant 
Schizophrenia: senile psychosis 1.13 Not significant 
Affective disorder: control 0 } Not significant 
Affective disorder: senile psychosis | 5.oo | Not significant 
Senile psychosis: control 1.79 | Not significant 
Puerperal psychosis: control 7 0.30 | Not significant 
Puerperal psychosis: schizophrenia 0.57 Not significant 
General paresis: control | 0.95 | Not significant 
General paresis: senile psychosis 2.23 | 0.05 


| 





Control Group.—This consisted of 34 patients 
with the following diagnosis, the number of patients 
in each category being given in brackets: (a) Glau- 
coma (6); (5) tuberculosis without meningitis (11); 
(c) pain referred to various parts of the body, 
namely, the face (2), the head (8), the arm (2), and 
the leg (1); (d) myxoedema (4). 


Schizophrenia.—Some of the patients tested had 
had schizophrenia for many years, in others the 
illness was of recent onset. The bromide ratios of 
the latter were substantially the same as those of the 
chronic patients. The group consisted of 27 patients, 
18 of whom were hebephrenic, three catatonic, five 
showed simple schizophrenia, and one paranoid 
schizophrenia. 


Affective Disorders.—This group consisted of 17 
patients suffering from depression. 


Senile Dementia.—There were 17 in this group. 
Patients with evidence of cerebral arterial disease, 
such as cerebrovascular lesions, hypertension, and 
a markedly fluctuating or remitting course were 
excluded. 


Puerperal Psychosis.—This group consisted of 10 
women who became severely mentally disturbed in 
the course of their puerperium. Nine of them pre- 
sented a schizophrenic-like picture, one presented 
with depressive features. They were tested within 
one month of the onset of symptoms. 


General Paresis.—This group consisted of seven 
patients with treated general paresis and one with 
juvenile paresis in whom there were residual mental 


symptoms necessitating a continued stay in hospital. 


The diagnosis had been established in every case by 
serological and cerebrospinal fluid investigations. 

There was no significant difference between the 
bromide ratios of the psychiatric groups when com- 
pared with each other or with the controls except in 
the case of patients with general paresis, who had 
lowered bromide ratios. A positive correlation was 
found between age and bromide ratio in the controls 
and in patients with affective disorders. 


Discussion and Conclusions 


The results of this investigation indicate that, with 
the exception of the general paresis group, none of 
the psychiatric patients had bromide ratios that 
differed significantly from the control group. 

The discrepancy between these results and those 
of previous workers is not easily explained. It cannot 
be entirely accounted for by inaccuracies in their 
technique of estimating bromide. A more important 
source of error would be that they performed the 
test on the day following the administration of 
bromide. As Hunter, Smith, and Taylor (1954) 
showed, this is too short a time for the steady state 
to be reached. It is therefore possible that the dif- 
ference they reported between the groups of mental 
patients is related to an abnormal rate of penetration 
of bromide into the cerebrospinal fluid rather than 


to an abnormal steady state distribution. Rates of 


penetration of bromide have not been systematically 
measured in mental patients, but there is some 
evidence that the reverse process, i.e., the penetration 
of sodium iodide from the cerebrospinal fluid into 
the blood is abnormal in schizophrenics. This was 
found by Guttmann (1929). He used Foerster’s 
(1925) test, in which 2 ml. of 10°% solution of sodium 
iodide is injected into the lumbar subarachnoid space 
and the excretion of iodide is studied in the urine; in 
normal conditions the iodide appears in the urine 
within 30 to 45 minutes of the injection, and the 
duration of iodide excretion is regarded as normal 
up to 35 hours from its injection into the cerebro- 
spinal fluid. In 50 schizophrenics Guttmann found 
that 36 showed a delayed excretion of up to seven 
hours and 14 an abnormally long duration of iodide 
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excretion; only nine showed a normal iodide excre- 
tion. 

The low bromide ratio observed in the general 
paretic group is also difficult to account for in con- 
trast to the increased permeability found by earlier 
workers, except that this was with untreated cases. 
Kral (1928) and Malamud and Wilson (1929) 
reported that patients who had been given malaria 
therapy and improved showed a change from 
increased to normal permeability. 

The control group and the group of affective dis- 
orders show a significant positive correlation between 
age and bromide ratio, and this confirms similar 
findings by Biichler (1926), Carmichael et a/. (1935), 
and Bourdillon, Fischer-Williams, Smith, and Taylor 
(1957). In contrast to these two groups, the bromide 
ratios of the schizophrenic patients do not show a 
correlation with age. The small numbers and 
limited age range of the groups of senile dementia, 
puerperal psychosis, and general paresis are probably 
a sufficient reason why a positive correlation between 
age and bromide ratio did not emerge from these 
groups. 

The present work shows that the steady-state 
bromide ratio is unchanged in mental patients, but 
it would be rash to conclude from this that the blood- 
brain and blood-cerebrospinal fluid barriers are 
normal in these patients. As Davson (1956) demon- 
strated, permeability is best measured by determining 
the rate of penetration of a substance from one side 
of a membrance to another, rather than by measuring 
the steady-state ratio. Thus Bourdillon et al. (1957) 
found a decreased rate of penetration of bromide and 
sodium into the cerebrospinal fluid in patients with 
extrapyramidal lesions, although the steady-state 
ratios of these substances were normal. 


Summary 


An accurate method of determining the bromide 
content of serum and cerebrospinal fluid was applied 
to a study of the permeability of the blood cerebro- 
spinal fluid barrier in mental patients. The diagnostic 
groups investigated were (a) schizophrenia, (5) 
affective disorders, (c) senile dementia, (d) puerperal 
psychosis, (e) general paresis, and the findings were 
compared with those in a control group of patients 
without any mental disorder or disease of the central 
neryous system. The bromide ratios in schizophrenia, 
senile dementia, affective disorders, and puerperal 
psychosis do not differ from those in patients not 
suffering from mental illness. Patients suffering 
from general paresis had a slightly decreased bromide 
ratio. 


I should like to thank Dr. Honor Smith and Dr. 
George Hunter for generously providing the bromide 
ratios of the control group. 
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AN ANGIOGRAPHIC TEST OF COLLATERAL 


CIRCULATION THROUGH THE ANTERIOR SEGMENT OF THE 


This communication is concerned with the angio- 
graphic estimation of collateral! circulation through 
the anterior segment of the circle of Willis. The 
collateral circulation, which may be present between 
the ophthalmic artery and the branches of the 
external carotid artery and the posterior segment 
of the circle of Willis carrying blood from the 
vertebral circulation, is outside the scope of this 
discussion. 

This angiographic test of the collateral circulation 
has been carried out sporadically in neurosurgical 
services all over the world. Personal experience of it 
extends over 13 years. 

The estimation of its adequacy through the an- 
terior cerebral arterial complex is of great practical 
importance to neurosurgeons if it is proposed to 
treat certain intracranial aneurysms by ligating the 
internal carotid artery or the anterior cerebral 
artery. In recent years general physicians and 
neurologists have been interested in its role, as 
spontaneous or traumatic thrombosis of the internal 
carotid artery has become a well established diag- 
nosable entity. The many and variable clinical 
symptoms and signs of that condition (which is 
sometimes symptomless) can be largely explained by 
the anatomical and dynamic state of the collateral 
circulation through the anterior segment of the 
circle of Willis. Other possible collateral channels 
may also be brought into play later. 

The stimulus to employ this angiographic test in 
a larger number of patients was provided by the 
observation that some elderly subjects possessed an 
excellent collateral circulation. Two questions were 
posed: (1) Can angiography substantiate or refute 
the belief that collateral circulation deteriorates 
with age so that thrombosis or ligation of the internal 
carotid artery becomes excessively hazardous after 
the age of 50 ? (2) To what extent can the collateral 
circulation be disturbed by other factors ? 

In an attempt to elucidate the answer to these 
questions, the test was performed on patients sub- 
jected to diagnostic angiography in the Regional 
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Neurosurgical Centre at Liverpool from 1954 to 
1957. At first digital compression was carried out 
on each case. 

Unfortunately at the beginning of 1956 the two 
surgeons carrying out this experiment were warned 
that dangerous amounts of radiation were being 
received on their hands. In view of this the routine 
performance of the test was discontinued. Thus 
only 712 patients had the collateral circulation 
tested. 

The view held here is that angiography is the 
safest method of investigation in cerebral contrast 
radiography. Its technique and the reasons why it 
is considered safe have been discussed at length 
in a previous communication (Sedzimir, 1955). The 
series is now close to 2,000 angiograms without 
death, with one case of transient hemiparesis, two 
transient supranuclear facial palsies, and one case 
of infection of the neck which resolved without 
surgical intervention. 


Technique of Test 

All angiography was performed under general anaes- 
thesia. Contrast medium was injected into one carotid 
artery just below the carotid sinus by the percutaneous 
method. A few seconds before the start of the injection. 
the opposite internal carotid artery was digitally com- 
pressed. Three exposures in the antero-posterior pro- 
jection were made. Frequently a bilateral estimation was 
carried out at the same sitting. 


Definitions 

For the purpose of this experiment it was arbitrarily 
defined that collateral circulation through the anterior 
segment of the circle of Willis was classified as: 

(1) “Good ” if in addition to the ipsilateral arteries. 
the contralateral anterior and middle cerebral arteries 
were filled (Fig. 1). 

(2) “ Poor” if the contralateral anterior cerebra! 
artery was filled, the contrast medium not entering the 
contralateral middle cerebral artery (Fig. 2). 

(3) “ Absent” if only the ipsilateral middle cerebra! 
artery, or the ipsilateral middle and anterior cerebra 
arteries were visualized (Figs. 3 and 4). 
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Results and Discussion 

In a high proportion of cases of “ absent” or 
* poor ” collateral circulations, besides carrying out 
the test bilaterally, a second and even a third 
estimation was performed at intervals of a few days 
to five to six weeks. 

Only in 14 patients was the collateral circulation 
found to be different when tested on separate occa- 
sions and only these are included twice in the total 
number of the tests. For this reason it is stated 
that in 712 patients the number of collateral circula- 
tions tested was 726, though in fact it was a much 
larger number. 

Of the 726 tests (Table I), in 52 the collateral 











circulation was “ absent” (7:1%); in 171 it was 
‘poor (23:6%); and in 503 it was ‘ good” 
(69-3 °%). 

TABLE | 


STATE OF COLLATERAL CIRCULATION IN 712 PATIENTS 















Total no. of patients .. 712 
Total no. of collateral circulations tested a 726 
Good .. e ie " aD 503 (69-3%) 
Poor ae a sh ta os a 171 (23-6%) 
Absent .. Pe aig ee “a Sa $2 (71%) 





Grouping together all the “ vascular conditions ” 
(Table IL), there were 364 patients in whom 378 
tests were performed. Of these, 31 (8:2°) were 
defined “ absent’’, 87 (23%) “poor”, and 260 
(68:8%) “good” (Table II}. The difference 
between this group and the overall numbers is 













trifling. 
TABLE II 
VASCULAR CONDITIONS 
Bleeding aneurysms 155 
Subarachnoid haemorrhage, aetiology not disclosed on 
angiography . ; ze ee 126 


Bleeding arteriovenous anomaly 
Massive cerebral haemorrhage, aetiology not disclosed on | 












angiography . ne : el 5 
Non-bleeding aneurysm or arteriovenous anomaly en 11 
Arterial thrombosis ‘> is oe sis 33 

‘Total ied a a me ics 363 
TABLE III 


STATE OF COLLATERAL CIRCULATIONS RELATED TO 
VASCULAR CONDITIONS 
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The conditions in which the test was performed n 














4 S : : ‘\ i for 
the remaining 348 patients are shown in Table lV. | pr 
The collateral circulation was found to be absent J - 
in 21 (6%), poor in 84 (24%), and good (Table V) ¥ a 
in 243 (70%). t a 

TABLE IV 
CONDITIONS OF TEST IN REMAINING PATIENTS = 
Tumours ae adie “se a bea oa = of 
Epilepsy a a wa me ake hk ox 
Degenerative .. a r = - a 2 37 i in! 
Head injury ne Ms a aia 13 i It 
Chronic subdural haematoma _ - - as e 7 = 
Migraine ius 7a i as we ee = 1S pe 
Miscellaneous .. eis ‘i e's ss es o> pr 
e ; Total on wa ok ie a 348 cc 
ac 
f 
TABLE V t 
STATE OF COLLATERAL CIRCULATION IN NON- ce 
VASCULAR CONDITIONS w 
Non-vascular Conditions th 
oor — ne 
No. of collateral circulations tested .. ‘a 348 
Good .. ae “a *% ha ne 243 (70%) 
Poor as ~ ee 3 bh be 84 (24%) d 
Absent .. ea ice — ey as 21 (6%) 
eS eg 
Ss s 
Once again it is evident that there was only an rf 
insignificant difference of the percentages of absent, d 
poor, and good collateral circulations between the fl 
non-vascular and vascular conditions as well as the | 
overall numbers (cf. Tables I, Il, and V). H b 
The analysis of the influence of age on the @ 
anatomical channels of collateral circulation across § S 
the anterior cerebral complex occasioned the greatest Jy 
surprise. , i 
Of the total of 726 tests, 516 fell in the age Ff P 
groups 1-49 years inclusive (the youngest patient § t 
was 6 months old). In 37, the collateral circulation c 
was absent (7:2%), in 122 was poor (23-6%), and ‘ 
in 357 (69:2%) was good. Two hundred and ten , 


tests were performed in the age group 50-70+ (the | 
oldest patient was 74). In 15 (7-1%), it was absent, 
in 49 (23-3 %) it was poor, and in 146 (69-6 °%%) it was 
good (Table VI). y 

TABLE VI 


STATE OF COLLATERAL CIRCULATION 
RELATED TO AGE 


Pere ae 















Vascular Conditions 











No. of patients 


Me 364 
No. of collateral circulations tested . oD) 378 
Good *, 260 (68:8%) 
Poor “a = ea mF - can 87 (23%) 
Absent .. ‘- = ne a a | 31 =(8:2%) 








On the other hand it was only in this particular 
group that in 14 patients the collateral circulation 
was found different when tested on separate occa- 
sions. They constitute approximately 4% of the 
vascular cases and 2% of the overall numbers. 





Agel 0-49 


_ Age 30-70 + 








No. of tests No. ‘of tests 


516 “210 
Good 357 (69:2%) | Good 146 (69-6%,) 
Poor 122 (236%) | Poor 49 (23:3%) 
Absent 37 (7:2%) | Absent 15 (7-1%) 








Evidently there is no real difference between the 
collateral circulation across the anterior segment 
of the circle of Willis in the under-50s and the over- 
50s. These percentages are, in turn, practically 
identical with the findings obtained by analysis of 
the aetiological groups. 
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It was thought unimportant to work out statistics 
for subdivisions of the aetiological conditions 
enumerated in Tables LI and IV or to subdivide the 
ages into decades. The small numbers of tests in 
each such subdivision would make any statistical 
analysis impracticable. 

Poor collateral circulation was found in this 
series to be in the order of 23 to 24%, irrespective 
of age or pathology. Compression of the opposite 
internal carotid artery was digital and percutaneous. 
It is, therefore, conceivable that a proportion of this 
percentage was the result of an inefficient com- 
pression. Thus, what may have been cases of good 
collateral circulation became poor, according to the 
adopted definition, and this may have occurred in 
+ 10% of tests. In another, as yet indefinite per- 
centage, the primary source of collateral circulation 
was presumably through the posterior segment of 
the circle of Willis. A full experimental study is still 
needed here. 

Finally, some cases classified in this group were 
due to the dynamic influences which are less 
generally appreciated but have been discussed by 
some authors (Sweet and Bennett, 1948; Shenkin, 
Harmel, and Kety, 1948; Shenkin, Cabieses, van 
den Noordt, Sayers, and Copperman, 1951; Stern, 
1953; Strobos and Mount, 1953; Brown, 1955). 

The circle of arterial channels at the base of the 
brain known to us as the circle of Willis was recently 
the subject of an admirable review by Sir Charles 
Symonds (1955). The anterior segment of this circle 
comprises the supraclinoid segment of the two 
internal carotid arteries, proximal segments of the 
anterior cerebral arteries which are joined together 
by the anterior communicating artery. This arterial 
complex may be defective as a result of a congenital 
abnormality. It may take the form of an absent, or 
grossly underdeveloped anterior communicating 
artery or a similar condition involving the proximal 
segment of one anterior cerebral artery. When this 
last anomaly is present the arteriographic appearance 
or the post-mortem anatomical dissection shows the 
two anterior cerebral arteries as an integral system 
of one internal carotid artery. The other internal 
carotid artery has as its main branch the middle 
cerebral artery. It then takes no part in the forma- 
tion of the anterior segment of the circle of Willis. 
The collateral circulation in such cases is absent, 
but the angiographic test must be performed bilater- 
ally and repeated at a second investigation. When 
these criteria were fulfilled only a very few cases of 
such an anomaly were proved, and usually though 
nét exclusively in the presence of an aneurysm of 
the anterior cerebral arterial complex. This com- 
bination is well known although sometimes over- 
emphasized. 

6 


As stated previously, in the groups of patients 
with vascular pathology there were 14 out of 364 
in whom different results were obtained when the 
test was performed on separate occasions (4%). 
The reason for the alterations was segmental spasm 
affecting the part of the circle under discussion. 
All these were cases of intracranial bleeding from a 
verified aneurysm subjected to angiography from a 
few hours to a few days after the haemorrhage. The 
test was repeated at intervals varying from a few 
days to three weeks. In each of these patients an 
absent or poor collateral circulation became poor 
or good accordingly. Although the patients with 
arterial anomalies and arterial spasm represent only 
a small percentage of the vascular cases, they must 
be taken into careful consideration when contem- 
plating surgical treatment of intracranial haemor- 
rhage. It was felt important to draw attention to 
these cases. Moreover, having done so, it is re- 
emphasized that absent collateral circulation was 
found in 31 patients (8-2°%).in this group. In the 
groups comprising all other pathological conditions, 
there were 21 (6%) patients out of 348. The differ- 
ence of 2:2°% is of no great significance in a series 
of this size. 

The limitations of this angiographic experiment 
must be acknowledged, since it can never be an 
absolutely true image of the circulation. The lack of 
an apparatus in this Centre which would allow 
taking more than three exposures is highly regretted. 
Despite these reservations, it is felt that the most 
interesting finding in this series is the apparent 
refutal of the common belief that age materially 
affects the collateral circulation through the circle 
of Willis. It may be that in younger age groups 
bleeding conditions and anatomical anomalies play 
a greater part, whereas in the older groups dynamic 
influences predominate as factors affecting the 
collateral circulation. It is also true that there were 
516 patients in the group of under 50 years of age 
and only 210 in the group over 50. Nevertheless, in 
the former group collateral circulation was absent 
7:2% (37 times), poor 23-6% (122 times), while in 
the latter it was absent in 7-1 °% (i5 times) and poor 
in 23-3°% (49 times) (Table VI). These percentages 
are identical and it is felt that they cannot be 
disregarded. 

Under the conditions of this experiment, the 
anterior segment of the circle of Willis seemed 
anatomically and dynamically an admirable device 
for the carriage of the blood supply in health and 
its redistribution in stress. 


Summary 


An angiographic test estimating the collateral 
circulation through the anterior segment of the 
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THE APPLICATION IN GENERAL MEDICAL CONDITIONS OF 
A VISUAL METHOD OF ASSESSING AND REPRESENTING 
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Certain disorders, which do not primarily involve 
the brain, may interfere with its metabolism. If this 
metabolic dysfunction is sufficiently severe the patient 
may become confused or even comatose. The con- 
tinuum from normality to coma will here be 
considered as one of increasing delirium. Such 
delirium may be produced by a variety of conditions 
which include those with alterations in blood 
chemistry, namely, hypoglycaemia, uraemia, and 
possibly hypokalaemia (Sherlock, Read, Laidlaw, 
and Haslam, 1958); certain of the collagen diseases 
(Leinwand, Duryee, and Richter, 1954; Clark and 
Bailey, 1956); pernicious anaemia *Walton, Kiloh, 
Osselton, and Farrall, 1954; Holmes, 1956); carbon 
dioxide narcosis complicating chronic bronchitis 
and emphysema (Westlake and Kaye, 1954; Conn, 
Dunn, Newman, and Belkin, 1957); and those 
forms of liver disease associated with encephalo- 
pathy (Adams and Foley, 1953; Summerskill, 
Davidson, Sherlock, and Steiner, 1956). 

The electroencephalogram (E.E.G.) can define 
the extremes of this continuum. At one end, the 
wide range of normal is characterized by rhythmic 
activity predominantly within the alpha frequency 
band (8-13 c./sec.) and at the other, coma by delta 
waves (under 4c./sec.) of varying regularity and 
amplitude. 

In the zone between, however, the E.E.G. changes 
are less clear. It is very difficult by inspection to 
assess variations in the severity of a generalized 
abnormality and even more difficult to express such 
an assessment, except as an arbitrary statement of 
opinion. Not only is a method of assessment 
essential for any E.E.G. investigation of delirium 
but it is of practical clinical importance to be able 
to detect relatively small changes, and to have a 
language in which to explain them. First, because 
the E.E.G. provides an objective and often sensitive 
index of cerebral function and ought to be able to 
help by warning of clinical deterioration or measur- 
ing the efficacy of treatment. Secondly, because 
although the E.E.G. changes in disorders not 


primarily cerebral, such as those described, are not 
specific, the E.E.G. can help in diagnosis if it is 
possible to measure the effect of provocative or 
therapeutic tests. 

This paper describes a method which has been 
developed to assist in the assessment and representa- 
tion of such generalized abnormalities. Work on 
the E.E.G. during the transition from consciousness 
to coma is in progress and definitive results have 
not yet been obtained. Some description of this 
work is given and tentative hypotheses mentioned 
in order to clarify the scope and limitations of the 
method. 

A number of patients, the majority with liver 
disease, have been followed with daily E.E.G.s as 
they recovered from or lapsed into coma or states 
of manifest confusion. Inspection of the records 
suggested : 

(1) That the changes which occurred were not 
specific to any disease. 

(2) That the most important change, with in- 
creasing delirium, was a slowing of frequency both 
as a slowing of the dominant frequency and as the 
introduction of random slow waves. 

(3) That variations in the amount of rhythmic 
activity, particularly with the eyes open, were 
probably important. 

(4) That during certain stages of delirium there 
were considerable intra-record variations which 
occurred both spontaneously and as a result of 
stimuli intended to influence the patient's state of 
attention. 

(5) That slowing was usually seen first over the 
lateral and post-central parts of the scalp, and that 
although with advancing delirium very slow waves 
might be maximal anteriorly, if a single area of the 
scalp needed to be chosen for inspection, the postero- 
lateral aspect of the non-dominant hemisphere gave 
the most satisfactory measure of the frequency 
changes over the whole spectrum of delirium. 

The method was developed in order to quantitate 
and express graphically changes which had been 
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observed and which were considered to be associated 
with alterations in delirium. It was decided not to 
use an automatic frequency analyzer for two main 
reasons: (1) The apparatus, which is expensive and 
requires skilled maintenance, is seldom available 
outside special centres, and a method to be of use 
must be available in those units where general 
medical cases are found. (2) The present analyzers 
only record the energy at different frequencies, 
i.e., the product of amplitude (voltage) and number 
of waves. Frequency changes were considered of 
primary importance and it was felt that more weight 
should be given to a large number of moderate 
amplitude waves than to a smaller number of high 
amplitude ones. Further, a measure was required 
of the ratio of rhythmic activity to irregular and 
desynchronized parts of the record. 

In 1944, Engel, Romano, Ferris, Webb, and 
Stevens described a simple visual method of fre- 
quency analysis. They counted the number of 
complete waves in each of 300 consecutive one- 
second periods, excluding those containing low- 
voltage fast activity, expressing the result as a 
histogram. A recent application of this method 
showed the E.E.G. effects of alcohol (Holmberg 
and Martens, 1955). 

The method to be described is a development of 
Engel’s and similar to one used by Brazier and 
Finesinger (1944) to study the normal E.E.G. It 
attempts to overcome, first, the disadvantage of 
forming a histogram from averages and so masking 
the occurrence of frequencies far removed from the 
mean and failing to give a measure of the degree of 
polyrhythmia, and secondly, the difficulty of dealing 
with irregular records and those containing a high 
proportion of low-amplitude fast activity. It must 
be emphasized that although it deals with fre- 
quencies and expresses them in mathematical and 
graphical form, it should not be thought of as a 
method of frequency analysis in the sense that an 
automatic analyzer analyses frequency, but as a 
way of representing a generalized abnormality as a 
frequency pattern. 


Method 


Essentially, the principle is to measure the periods of 
as many individual waves as possible over a given epoch* 
to calculate the time occupied by each frequency, and to 
plot on a graph the frequency-time as a percentage of the 
epoch, against frequency, to give a frequency pattern 
(Fig. 4). 

Scalp electrodes are placed as shown in Fig. | to give 
seven channels of E.E.G. The spare channel of an eight- 
channel machine may be used for other purposes such 





*Although not strictly correct etymologically the word ‘* epoch ” 
can be used with advantage to mean “ a period of time ”’. 


Fic. |.—Position of scalp electrodes and connexions of seven E.E.G 
channels. 


as an electrocardiograph lead or the recording of alerting 
stimuli. It has been found that the best measure of 
frequency changes is given from the postero-lateral aspect 
of the non-dominant hemisphere (channei 5 for a right- 
handed patient). Time constants of 0-3 sec. are suitable 
and have been used throughout in the work described. 

All rhythmic and reasonably regular waves are counted. 
Certain parts of each epoch are excluded according to 
the following criteria. 

(1) Those which are flat and desynchronized: with 
amplitude calibration at 1cm. for 50 microvolts and 
paper speed of 6 cm. per second, a wave is considered flat 
if its height is less than a quarter of its width. If all the 
rhythmic activity in a record is of low amplitude this 
criterion may be modified. 

(2) Very irregular activity when it is impossible to 
define a wave clearly. In practice very little of an epoch 
needs to be left out for thjs reason. 

(3) Activity with a frequency above 20c./sec. which 
is uncommon in the records which have been considered. 

Only the wave which is dominant at any one time is 
measured. Thus a low-amplitude ripple superimposed 
on a large slow wave is ignored. It is usually quite easy 
to decide which wave form should be counted, but if there 
is difficulty, activity recorded simultaneously in other 
channels is considered. 

The period of each wave, from trough to trough, is 
measured with the cursor shown in Fig. 2. The numbers 
at the top of the cursor give the frequency when the 
paper is run at the normal speed of 3cm./sec. Unless 
the record consists of predominantly delta activity. 
measuring is easier if the gains are doubled and the 
paper run at 6cm./sec.; at this speed the frequencies are 
given by doubling the numbers at the top of the cursor 
The intervals between the measuring lines on the cursor 
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Fic. 2.—Cursor used for measuring periods of waves. The figures 
at the top indicate the frequencies when the paper speed is 
3 cm./sec. 


are each 1 cm. and very slow waves can be measured 
by making an appropriate combination of measuring 
line and interval, e.g., the measuring line for 3 with the 
intervals on either side of it measure 3 cm. and at 
6 cm./sec. represent a wave at 2 c./sec. 

Over the continuum from normal consciousness to 
coma, records tend to show a considerable variation 
from one part to another (part B in Fig. 3) and it is 
usually necessary to measure an epoch of 50 seconds. 
At the extremes of the continuum of delirium, where 
there tends to be less variation, the epoch may be shorter. 
If it is decided to attach significance to a certain degree 
of change in the frequency pattern, it is necessary to 
choose an epoch long enough so that if two epochs 


of this length are counted from the same record under 
similar circumstances, i.e., with the eyes shut or open, 
the variation between the frequency patterns from these 
epochs is appreciably less than the change to which 
significance is to be attached. 

In most cases an epoch can be measured without any 
preparation and the frequencies called out to an assistant 
or a tape recorder; with practice a 50-second epoch can 
be measured in about 10 minutes. As a refinement (and 
for difficult records) it is sometimes useful to mark 
doubtful parts of an epoch with vertical pencil lines 
through the troughs of waves before measuring. This 
saves time in the end and allows a colleague to check. 
Fig. 3 shows examples of a normal record (A), a moder- 
ately abnormal record (B) from a patient, who although 
showing no clinical evidence of delirium, was in fact 
deteriorating and later became manifestly confused, and 
a severely abnormal record (C) from a patient in coma. 
The frequencies have been written in below the waves; 
those parts without subscripted numbers have been 
excluded according to the criteria given. 

The number of waves at each frequency divided by the 
frequency gives the time occupied by that frequency. 
If a 50-second epoch has been measured, this time 
multiplied by 2 gives the frequency-time per cent. Since 
it is difficult, and not sufficiently important, quickly to 
differentiate frequencies over 10 c./sec. the faster waves 
are grouped together: those from 11 to 13c./sec. as 
11/13 and from 14 to 20 c./sec. as fast. When calculating 
frequency time these groups are divided by 12 and 15 
respectively and are plotted on the frequency pattern as 
blocks not points. 

Fig. 4 shows the frequency patterns derived from the 
records, of which specimens are shown in Fig. 3. It 
will be seen that whereas the patterns for the normal (A) 
and severely abnormal (C) records show sharp peaks 
with most of the activity at one or two frequencies, the 
moderately abnormal (8) pattern is more broadly based, 
demonstrating the polyrhythmia and intra-epoch fluctua- 
tion which was seen in Fig. 3 B. 


Illustrative Material 


Examples from two sets of serial records are shown in 
Figs. 5, 6, and 7. Specimens of the original E.E.G.s are 
seen to the left (the numbers referring to the channels 
marked in Fig. 1) and the corresponding frequency 
patterns on the right are each derived from 50-second 
epochs with the eyes shut. The area under the frequency 
pattern gives a measure of the amount of rhythmic 
activity, the time occupied by the rhythmic and reason- 
ably regular waves which have been counted. 

Figs. 5 and 6 (Case 1) show E.E.G.s recorded on six 
consecutive days from a patient with cirrhosis com- 
plicated by encephalopathy. At the time of the first 
record (A) she was manifestly confused. Five days later 
(F) she had returned to her usual state. The following 
points may be noted: 

(1) There is a gradual increase in frequency throughout 
the series. 

(2) Even after recovery from the acute episode there 
is a slight generalized abnormality as shown by an 
excess of activity at frequencies less than 8 c./sec. 
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Fic. 3.—Specimens of a normal (A), moderately abnormal (8B), and severely abnormal (C) record. The 
frequencies of those waves which have been counted are subscripted. 



























































Fic. 4.—Frequency patterns of the normal (A), moderately abnormal (B), and severely abnorma 
(C) records shown in Fig, 3. 
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Fic. 5.—Case 1. 


(3) There is less rhythmic activity after recovery than 
in the earlier records. In E and F rhythmic activity 
averages 57% of the epoch, in A to D inclusive the 
average is 79%. 

(4) There is a broader frequency spread in the tran- 
sition phase records (B, C, and D). 

Fig. 7 (Case 2) shows three records from a normal 
young male subject weighing 12 st. before (A) and 10 
minutes (B) and 27 minutes (C) after the rapid ingestion 
of 75 ml. of absolute alcohol diluted five times with 
lemon-flavoured water. The following points of interest 
are seen: (1) All the records lie within the normal range 
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and show normal frequency patterns with sharp peaks 
in the alpha band. (2) After alcohol there is a pro- 
gressive shift of the frequency pattern as a whole towards 
slower frequencies and of the dominant frequency from 
10 to 9 to 8 c./sec. This shift is demonstrated clearly in 
the patterns whereas it is less easy to see in the original 
records. (3) There is appreciably more rhythmic activity 
after alcohol. 

In order to give some measure of the accuracy of 
assessment and of the significance to be attached to the 
shift in frequency pattern shown in Fig. 7, frequency 
counts from the same subject for six 50-second epochs 
are given in Table I and charted as frequency patterns 
in Fig. 8. There are two patterns from consecutive 
epochs immediately before alcohol was given and one 
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from the same subject three weeks later (continuous line 
in Fig. 8) and three counts from epochs recorded 27, 
29, and 41 minutes after ingestion of alcohol (broken 
line in Fig. 8) at which times the maximum E.E.G. effect 
of alcohol was obtained. 

It will be seen that the patterns fall into two groups: 
the three control patterns uninfluenced by alcohol, 
group A corresponding to A in Fig. 7, and three patterns 
after alcohol, group C, corresponding to C in Fig. 7. 


Case 2. 



































See text. 

















Each pattern in group A has a similar shape and domin- 
ant frequency at 10 c./sec.; they differ from each other 
in the area under the curve, a measure of the amount 
of rhythmic activity in the epoch, which is probably a 
function of the subject’s state of attention. The group C 
patterns differ from each other very little and they each 
have a dominant frequency at 8c./sec. It can be seen 
quite clearly that the inter-group difference is much 
greater than the intra-group one. 
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and Table I. 


Case 2. Frequency patterns before alcohol (continuous line) and after alcohol (broken line). 
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TABLE | 


FREQUENCY COUNTS EXPRESSED AS PERCENTAGES OF TOTAL TIME OF SIX 50-SEC. EPOCHS IN SAME SUBJECT BEFORE 
AND AT VARIOUS TIMES AFTER INGESTION OF ALCOHOL 





Percentage of Total Time of Rhythmic Activity at 





Before alcohol 1 
Before alcohol 2 
Three weeks later 





27 min. after alcohol 
29 min. after alcohol 
41 min. after alcohol 
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Different Frequencies 


7 


38 
34 





Discussion 

Simple inspection of records shows clearly that in 
certain disorders, which do not primarily affect the 
brain, the E.E.G. can provide evidence of cerebral 
dysfunction. Further, if serial records are taken, 
changes in the E.E.G. abnormalities may be seen 
which give a measure of variation in the severity 
of this dysfunction, a measure which, because it is 
often more sensitive than physical or psychological 
examination, has considerable clinical value. The 
method which has been described for expressing a 
generalized E.E.G. abnormality as a frequency 


pattern was developed in order to improve on 
assessment by inspection and to provide a graphic 
form in which this assessment could be passed on 
to the clinician in charge of the patient. 

The conversion of complex wave forms to per- 
centages should not be allowed to suggest a spurious 
accuracy. The frequency patterns have no intrinsic 
theoretical significance: they have been derived 
empirically. They have proved useful in demon- 
strating the extent of manifest changes and in 
showing slight variations which were difficult to 
detect in the original records. Their simple graphic 





76: 


forms are easy to compare and contrast and studies 
of these forms may emphasize variations not 
readily obvious in the more complex primary record. 
Starting as a method of representing frequency 
changes with known alterations in the degree of 
delirium, the use of frequency patterns has already 
suggested that variations in the amount of rhythmic 
activity, spontaneous intra-record fluctuations, and 
the extent of frequency changes produced by stimuli 
may be of importance and worthy of further in- 
vestigation. 

The limitations of visual methods are fully appre- 
ciated (Dawson and Walter, 1944), and it is not 
suggested that a frequency pattern so derived should 
represent the precise electrical changes which occur 
in the brain. However, the method has proved of 
practical value (Read, Haslam, Laidlaw, and 
Sherlock, 1958; Sherlock et al., 1958) and, although 
it takes time, it requires nO complicated or expensive 
equipment. Preliminary work with visually derived 
patterns has shown that the assessment of small 
changes in generalized E.E.G. abnormalities has 
sufficient clinical and probably theoretical value to 
justify the development of an automatic method 
which will save time, increase accuracy, and, it is 
hoped, reveal new facts of importance. The present 
method has been described because it will form the 
basis for any new method and because it may be of 
interest to those concerned in the development of 
electro-encephalography as a tool in the investigation 
of general medical disorders. 


JOHN LAIDLAW 


Summary 

Certain disorders, not primarily cerebral, may 
produce alterations in consciousness and generalized 
electro-encephalographic abnormalities. 

A simple empirical method of assessing these 
abnormalities and representing them graphically is 
described. Two illustrative examples are given and 
the scope and limitations of the method are dis- 
cussed briefly. 


I would like to thank the Medical Research Council 
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PROCEEDINGS OF THE SOCIETY OF BRITISH NEUROLOGICAL 
SURGEONS: 58th MEETING 


The 58th Meeting of the Society of British Neurological Surgeons was held at the Walton Hospital, 


_iverpool, on December 5 and 6, 1958. The President, G. S. Clark-Maxwell (Derby), was in the Chair. 


Dr. 


'. Poppen (Boston, Mass.) attended as the special guest of the Society. 


{wo Unusual Cases: Multiple Meningiomata Preceded 
by a Spinal Neurofibroma and ‘‘Spontaneous’’ Atlanto- 
axial Dislocation 


Mr. A. SuTCLiFFE KERR (Liverpool) reported a case 
of a single woman aged 50 from whom a neurofibroma 
had been removed from a spinal nerve root in 1937 by 
Sir Geoffrey Jefferson. In 1955 she had a right-sided 
sensory Jacksonian epileptic attack and in 1956 investi- 
gations for further similar attacks suggested a lesion 
alongside the falx cerebri although the ventriculogram 
was difficult to interpret. A left frontoparietal craniotomy 
revealed two small parasagittal meningiomata and two 
near the Sylvian point, one being 4 cm. in diameter. 
These were removed but no attempt was made to reach 
the lesion of the falx nor to remove another tumour 
which could be felt in the region of the lesser wing of the 
sphenoid. 

The epilepsy continued at three-weekly intervals 
although without loss of consciousness, but in 1958 she 
was found to have a right homonymous hemianopia, 
astereognosis of the right hand, a right spastic hemi- 
paresis, and paralysis and wasting of the left side of the 
tongue. 

X-ray therapy was given, a total of about 4,200 r. 
being spread over the whole calvarium. It caused con- 
siderable general and neurological upset but there had 
been steady improvement for two months. She could 
now walk with support although she still had minor 
epilepsy and an almost complete right hemiplegia with 
the other neurological signs unaltered. Her vestibular 
reactions were normal and she was not deaf. She showed 
no evidence of von Recklinghausen’s disease nor was 
there any family history of that condition. 

The second case was that of a boy, born in 1940, 
who suffered from rheumatic fever with carditis at the 
age of 6. When he was 10 years old he had some un- 
steadiness of the legs and a dislocation of the first on 
the second cervical vertebra was discovered. This was 
said to have been reduced and a leather collar was fitted. 
The boy had a further attack of rheumatic fever in 1951 
and further manipulations of the neck were undertaken. 

In 1953 he had increasing neurological disabilities and 
was treated by further manipulation, head traction, and, 
later, a Minerva jacket. Despite this his right arm became 
‘lmost completely paralysed and all the other limbs were 
weak and spastic. When an occipital pressure sore had 
lealed, skull traction was applied and parallel rib grafts 


were inserted between the occiput and the second, third, 
and fourth cervical spines after removal of the whole of 
the posterior arch of the atlas. 

Following a severe temporary deterioration of his 
neurological condition he made a remarkable recovery 
and he resumed normal schooling two years after the 
operation. Unfortunately he developed cardiac failure 
and bacterial endocarditis and died three and a half 
years after the operation. 


Aneurysms of the Middle Cerebral Artery 


CAMPBELL CONNOLLY (Birmingham) discussed the 
changes which might occur following interruption of the 
middle cerebral artery or its branches in the surgical 
treatment of an aneurysm. Other workers had shown that 
large communications existed between the anterior and 
middle cerebral arteries and that there were smaller 
communications between the posterior and middle 
cerebral arteries. Angiograms were shown demonstrating 
such anastomoses. Previous writers had also noted that 
after occlusion of the middle cerebral arteries in dogs and 
monkeys there was no neurological abnormality after 
24 hours provided the blood pressure was kept at normal 
levels. When hypotension was produced by bleeding 
there was severe neurological disturbance (Thompson 
and Smith, 1951). 

Seven patients were described. In one there was an 
aneurysm of the middle cerebral artery on the non- 
dominant side with an intracerebral haematoma. The 
haematoma was evacuated and the aneurysm excised, the 
main stem of the middle cerebral artery being divided 
3 cm. from its origin. Three months after operation the 
only neurological disability was a left homonymous 
hemianopia. 

In six other cases main branches of the middle cerebral 
artery were interrupted during obliteration or excision of 
an aneurysm. In five of these, the aneurysm was on the 
dominant side and four of these had intracerebral 
haematomas. One patient, who had an intracerebral 
haematoma and was operated on in extremis, died. One 
was dysphasic and hemiparetic after operation but 
improved steadily. The remaining four suffered no 
increase in the pre-operative disability and improved 
steadily. 

It was considered that temporary clamping of the main 
stem of the middle cerebral artery proximal to an aneurysm 
was dangerous as, should bleeding occur, it would consist 
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entirely of blood supplied from collateral arteries so that 
the part of the brain supplied by the middle cerebral 
artery distal to the clamp would be virtually exsangui- 
nated. Severe brain damage might, therefore, be caused 
in a very short period of time. 

It was concluded that in attacking aneurysms of the 
middle cerebral artery directly efforts should be made to 
preserve the vessel and all its branches, but, should it be 
necessary to sacrifice a branch, there was a good chance 
that no serious neurological disability would result. 
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Intracranial Haemorrhage in Childhood 


C. B. Sepzimir (Liverpool) presented a review of 
intracranial haemorrhage occurring in children under 16 
in a five-year period 1954-58. The material was drawn 
from neurosurgical, cardio-paediatric, and general 
paediatric services in the Liverpool area. During this 
period 26 children were found to have had intracranial 
haemorrhages. The causative diseases did not differ 
materially from those found in adult patients, Aneurysm 
was the commonest cause and was present in 11 patients, 
all but one over the age of 10. The site of the aneurysm 
had much the same distribution as in adults. Five 
patients had arteriovenous anomalies, the youngest 
patient being under 2 years of age. In one patient an 
intracerebral haematoma and in five others subarachnoid 
haemorrhage occurred without investigation disclosing 
any aetiological factor. In all these patients multiple 
carotid and vertebral angiograms were done in an attempt 
to find a cause. In three patients intracranial bleeding was 
associated with blood dyscrasia, leukaemia in two, and 
purpura in one. In two patients the intracranial bleeding 
was associated with coarctation of the aorta; in one of 
them both lesions were treated surgically with good 
results. 


Brain Changes in Fatal, Ruptured, Intracranial Aneurysm 


B. E. Tomutnson (Newcastle) described the brain 
changes in 32 fatal cases of ruptured intracranial 
aneurysm. At necropsy, the brain was only examined 
externally and the ruptured aneurysm identified where 
this was possible without disturbance of blood within 
fissures or sulci. After fixation, the vessels were dissected 
off and examined and large slices of brain made to study 
the distribution of the blood; multiple histological sections 
were examined. 

Multiple vascular lesions were found in 15 instances 
(46%); in 14 multiple aneurysms were present, and in 
one, an angioma in addition to an aneurysm. The site of 
the aneurysms was similar to those reported in other 
series. Two small subdural haematomas were seen. 

Surface subarachnoid bleeding was sometimes scanty 
when large collections of blood (subarachnoid haemato- 
mata) were present between the frontal lobes, in the 
Sylvian fissures, or in the depths of sulci. Nine very large 
collections of blood, partially, or entirely confined to the 
subarachnoid space, were seen (28%). Three were in the 
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Sylvian fissure, from middle cerebral aneurysm rupture; 
two had caused limited intracerebral bleeding by breach- 
ing cerebral tissue at a distance from the aneurysm, one 
by opening up the deep limits of a sulcus on the insular 
cortex. Six subarachnoid haematomata resulted from 
rupture of anterior cerebral or anterior communicating 
aneurysms. In four of these the blood lay largely between 
the frontal lobes; in one it lay over the infarcted corpus 
callosum and in one it had burrowed extensively into the 
olfactory sulcus. In five of these instances massive 
infarctions were present. Several other instances of 
smaller localized collections of blood were seen. 

Intraventricular and intracerebral haemorrhage in 
quantity was seen 17 times. It was considered that most 
resulted from localized collections of subarachnoid blood 
extending into sulci, or stretching brain tissue, until they 
extended into the brain. In only six was the aneurysm 
adherent to the brain. 

Ischaemic lesions were found in 25 cases (78%) and in 
13 (40%) they involved the whole, or a large portion, of a 
major artery territory. The lesions were usually, but not 
always, in the distribution of the artery on which the 
ruptured aneurysm occurred. Four massive infarctions 
involved the anterior cerebral artery territory, on three 
occasions bilaterally. In eight cases, the infarcted area 
was of middle cerebral artery distribution; in two the 
posterior cerebral artery supply was also involved. 

One instance of infarction of posterior cerebral artery 
distribution alone was seen. 

In 10 of the 13 instances of major infarction, sub- 
arachnoid or intracranial haematomata were present. 

It was thought that localized collections of blood in 
sulci or fissures were of importance in several ways: by 
acting as space-occupying lesions; by stretching cerebral 
tissues until intracerebral or intraventricular haemorrhage 
occurred; and probably by inducing infarction. The 
possible mechanisms by which localized collections might 
produce ischaemic lesions were stretching or kinking of 
vessels by the haematoma; tearing of small branches 
passing from major vessels to the brain; and spasm 
induced by stretching. Simple drainage of the bleeding 
site might prevent some of the fatal complications. 

An additional unexplained finding was granular cell 
degeneration of the cerebellum in four instances. In view 
of the absence of clinical evidence of cerebellar dysfunction 
in these cases and the absence of histological reaction to 
the degeneration, this was considered a terminal pheno- 
menon. 


Mental Abnormalities following Subdural Haematoma 


F. L. Davies (Haywards Heath) discussed the incidence 
and treatment of mental disorders in patients with sub- 
dural haematoma. In a recent series of 44 consecutive 
head injuries admitted to a neurosurgical unit 11 had 
subdural haematomas. These patients were selected for 
admission from a much larger number of head injuries 
occurring in the area. Of the 11 cases, four were cured 
and discharged home. Four were transferred to a menta! 
hospital with various types of mental disorder. Two of 
these died in the mental hospital and the other two 
remained in hospital a year after injury. _Three patients 
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died at some time after operation, thus making a total 
mortality of 45.4%. The considerable incidence of 
subdural haematoma in the group was thought to be 
related to the high average age of a population of retired 
persons in coastal resorts, and in the subdural group 10 
if the 11 patients were over 50 years of age. The high 
mortality rate was also thought to be related to high age 
sroups in which patients were unable to combat respira- 
‘ory infections. Immobility in bed, often occasioned by 
nental disorder, may have been a contributing factor. 

Previous workers had reported a low incidence of 
mental disorders after head injuries. Predisposing factors 
-onsidered were sex (in this series all patients with mental 
jisorders were males), arteriosclerosis, and alcohol 
addiction. 

In the present series confusion was present in seven 
cases and remained a permanent feature in four. Per- 
sonality disorder was found in one case and dementia in 
three, one ‘complicated by aggressive hallucinations. 
Korsakov psychosis was found in one case. 

In allcases mental abnormalities began after a unilateral 
or bilateral subdural haematoma or hygroma had been 
treated surgically. In four patients the brain did not 
expand after removal of the haematoma and this feature 
appeared to have serious significance, as three of these 
died, the fourth making a good recovery. The interval 
between injury and operation did not appear to affect the 
final results; one patient with the longest time interval 
before operation made a satisfactory recovery and another 
patient operated on the day after injury died four days 
later. It was suggested that vascular thrombosis super- 
imposed on arteriosclerosis was responsible for the failure 
of the brain to expand. 

The importance of adequate surgical treatment was 
stressed, including attempts to expand the brain by saline 
injections. The importance of general care was also 
stressed especially control of respiratory infection and 
adequate dietary intake. Mental treatment consisted of 
psychotherapy, occupational therapy, and mental and 
physical rehabilitation. 


The Temporal Approach to Tumours of the Sella Turcica 
in the Presence of a Prefixed Chiasma 


JAMES L. PopPeN (Boston, Mass.) discussed the temporal 
approach to tumours of the sella turcica in the presence 
of a pre-fixed chiasma. He noted that for many years 
tumours of the sella turcica had been attacked surgically 
either by the frontal or transphenoidal routes (Hirsch, 
1910; Jefferson, 1940), the exception being the temporal 
approach used routinely by Horsley in a series of 14 
patients. Jefferson (1957), in the Centenary Lecture, 
believed that it was natural for Horsley to use this 
approach since his research studies on the pituitary body 
had been carried out mainly in the dog and monkey. The 
natural and easiest route in these animals was the tem- 
poral. Neurosurgeons had approached the large extra- 
sellar extensions under a temporal lobe as one would 
approach a temporal lobe tumour. 

The surgical management of only the tumours that 
involve the pituitary body, the posterior clinoids, the 
upper half of the clivus, and the sphenoid sinus were 
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discussed. These lesions were limited anteriorly by the 
chiasm of the optic nerve, posteriorly by the pons, and 
superiorly by the third ventricle. 


Fortunately these tumours were relatively rare. 
Surgical attention had been required in only 12% of 
their cases of pituitary adenoma since the introduction 
of the rotational two million volt x-ray apparatus. 
Operation was carried out only for those adenomas thai 
were cystic or haemorrhagic or when the vision was so 
precarious that immediate operation was advisable. There 
was also the rare individual who demanded surgery 
rather than the slower method of x-ray therapy. It was 
also possible that the surgeon, at times, became a bit 
anxious to demonstrate his prowess. This was especially 
true since removal of the hypophysis had been given a 
temporary impetus by many neurosurgeons for the treat- 
ment of cancer of the breast. That particular form of 
treatment would, of course, find its proper place in due 
time. 

The tendency to enlargement of pituitary adenomas 
was by no means uniform. They most frequently extended 
through the diaphragma sellae upward if the anterior and 
posterior clinoids were sufficiently strong and, as the 
tumour enlarged, the tendency was to carry the chiasm 
upward, thus causing early visual changes. In other 
patients the posterior clinoids might be abnormally thin, 
allowing the adenoma to follow the line of least resis- 
tance posteriorly. In this way the tumour could become 
of significant size before vision was affected. Certainly 
in these patients the chiasm was most likely to be pre- 
fixed. In a sella turcica with a thin floor and a large 
sphenoid sinus the tumour extended inferiorly. This, 
perhaps, was the reason why visual changes developed 
late in the course of the disease in so many of the chromo- 
phile (acromegalic) patients, because of self-decompres- 
sion of the adenoma into the large sphenoid sinus as well 
as the ethmoid sinus. In patients with suprasellar tumours 
or tumours of the upper portion of the clivus and 
posterior clinoids, pressure signs developed before visual 
changes became manifest, whereas in tumours of the 
tuberculum sellae visual changes always developed before 
increased intracranial pressure occurred. 

If it had been decided that surgery was mandatory, air 
studies and arteriograms were of particular aid in deter- 
mining the approach most likely to give the best results. 
If the anterior cerebral arteries were displaced posteriorly 
and upward with only slight opening of the carotid siphon, 
the anterior or frontal approach was the procedure of 
choice. If the posterior clinoid was eroded and the 
anterior clinoid reasonably normal, with little or no 
undercutting of the tuberculum sellae, and the angio- 
grams showed considerable opening of the carotid 
siphons the temporal approach was more likely to give a 
better exposure of the tumour. If no obstructive signs 
were present, he had found that encephalograms seemed 
to give the more accurate and definite location of the 
tumour and, incidentally, the approximate location of 
the optic chiasm. The tumours that were favourable to 
this approach, therefore, included craniopharyngiomas, 
adenomas, chordomas, meningiomas of the upper portion 
of the clivus and dorsum sellae, epidermoids, and the 
large pituitary adenomas with a prefixed chiasm. 
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Following air and angiographic studies, if the tumour 
was thought to be in the location described, adequate 
pre-operative preparation, which included steroids and 
intravenous urea solution, was given. The patient was 
placed in the sitting position (tic position) and the 
incision outlined. The anterior limb of the incision only 
was opened initially. An opening was made in the 
inferior portion of the squamous part of the temporal 
bone. The dura was opened with the loose flap turned 
down, then sewn to the soft tissues inferiorly. A ventri- 
cular puncture of the temporal horn was made if the 
brain was tense. Usually the intravenous injection of 
urea caused the brain to shed much of its fluid content, 
allowing the temporal lobe to be readily elevated for 
sufficient exposure of the tumour. If not, the anterior- 
inferior portion of the temporal lobe might be sacrificed. 
It had been of considerable surprise to him to find that 
tumours which had eroded the sella turcica and destroyed 
the posterior clinoid were much more superficial than 
would be supposed, contrary to the impression received 
when an attempt was made to clip a vestigial aneurysm 
of the internal carotid artery that extended posteriorly 
along the course of the posterior communicating and 
anterior choroidal arteries. The distance from the 
temporal bone seemed to be much greater. This was due, 
no doubt, to the contour of the temporal fossa and 
depended on whether it was shallow or deep. 

Since the width of the temporal fossa from the inferior 
edge of the squamous temporal bone was only 5 to 6 cm., 
it could be readily seen that if the sella was ballooned 
out and the posterior clinoids eroded, tumours, even 
though extending only a slight distance laterally, made 
the approach relatively shallow and simple. The more 
inferiorly the squamous portion of the temporal bone 
was removed, the easier the approach. Rarely was it 
necessary to extend the incision that had been outlined 
and the bone flap turned down. If perchance the frontal 
approach was used initially with the impression that the 
chiasm was not prefixed, but on direct examination it 
was found to be prefixed, the inferior limb of the frontal 
incision might be lengthened to the upper border of the 
zygomatic bone and the temporal approach used. This 
avoided subjecting patients to an added procedure at a 
later date. It was also of help if bleeding that could not 
be properly controlled had been encountered in the 
tumour during the anterior approach. This was parti- 
cularly true of the vessels that might be separated from 
the circle of Willis in a blind attempt to remove the 
capsule of the tumour when the anterior approach was 
used. 

Four craniopharyngiomas had been attacked in this 
manner. One patient died of post-operative thrombosis 
of the internal carotid artery which was markedly arterio- 
sclerotic and had a saccular aneurysm attached. No 
necropsy was allowed. Four adenomas were managed 
in this fashion; two of the patients died. Five chordomas 
were extensively removed with no operative deaths; and 
one meningioma of the clivus was also removed. 

In the use of this approach it should always be remem- 
bered that since the tumour could be visualized so 
readily, one was inclined to excise more radically than 
was necessary, as was the case in the two pituitary 
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adenomas. All of the capsule that was not adherent to 
major vessels could be readily removed. The capsule that 
was firmly adherent to the artery should be allowed to 
remain intact, however, and x-ray treatment given sub- 
sequently. The cystic tumours presented no particular 
problem since the capsule peeled away readily. The third 
nerve must be protected, especially during coagulation 
of any bleeding points or during manipulation of the 
tumour. 

It was suggested that the temporal approach be used 
in patients in whom the tumour extended into the third 
ventricle or compressed the anterior-superior portion of 
the pons and in pituitary tumours with a prefixed chiasm. 
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On Certain Acute Head Injuries 


Doreen Jacoss (Liverpool) described five cases of 
acute head injury all posing diagnostic problems with 
regard to either the anatomy or pathology of the con- 
dition. 


Case 1.—A man, aged 54, with a known right-sided 
injury, developed rapidly a left hemiplegia associated 
with a dilating pupil on the left. An acute subdural 
haematoma was found in the left temporal region. He had 
thus sustained a contre-coup haematoma associated with 
an ipsilateral hemiparesis. It was concluded that, 
irrespective of conflicting physical signs, the side of a 
dilating pupil indicated the site of pathology. 


Case 2.—A man, aged 20, during a five-hour period of 
observation after an accident, developed a dilated left 
pupil. Carotid angiography disclosed a right temporal 
haematoma. The dilated pupil proved, later, to be part 
of an ophthalmoplegia presumed to be due to direct 
trauma to the nerves despite its delayed onset. This case 
appeared to invalidate the conclusion drawn from Case |}. 


Case 3.—A man sustained a head injury and was 
found to have unequal pupils. Examination disclosed 
that he had one glass eye. 


Case 4.—A child, aged 5 years, sustained a relatively 
minor head injury and over a period of two weeks 
developed papilloedema and a sixth nerve paresis. She 
proved to have a small’depressed fracture obstructing 
the posterior end of the sagittal sinus which had not been 
radiologically obvious. Angiography suggested a sagittal 
sinus block. Exploration confirmed the diagnosis and 
relieved the condition. 


Case 5.—A child, aged 9 years, presented with a 
calcified extradural haematoma three months after a 
head injury. The only physical manifestation of intra- 
cranial pathology was the development of epilepsia 
partialis continua seven weeks after the accident. This 
was controlled by medication and did not recur. The 
diagnosis of a space-occupying lesion was made by 
angiography and the exact pathology found and relieved 
by exploratory craniotomy. 


It was concluded that these cases served to emphasize 
that patients were individuals, with individual good or 
bad fortune, individual physical signs, and a bias against 
any dogmatic classification. 
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A Review of 700 Cases of Epilepsy 

R. H. HANNAH (Liverpool) reviewed 700 cases of 
epilepsy. These cases had presented themselves for 
investigation at a neurosurgical unit over a period of 11 
vears. Four hundred and fifty-eight of the cases were 
male and 241 female. Six hundred and twenty-nine were 

live, 57 dead, and 14 presumed dead. An up-to-date 
‘ollow-up was available in 435 cases. The series showed a 
reasonable representation of all age groups. Pneumo- 
ncephalographic studies were available in 616 cases and 
“E.G. reports in 463. A family history of epilepsy was 
obtained in 13-1% of a sample of 595 cases. 

The cases were classified on an aetiological basis and 
on clinical findings. On the former basis the series was 
broadly divided into cases showing structural changes in 
the brain, as shown by air studies, and those with normal 
pneumo-encephalograms. Those showing organic changes 
were subdivided into (1) those associated with space- 
occupying lesions (68); (2) those having birth injuries or 
head injuries (122); (3). those with a focal cicatrix in the 
brain (8); (4) those showing diffuse organic changes (153), 
84 of these attributable to a variety of infections or 
degenerative conditions and 69 were of uncertain 
aetiology; (5) those associated with cerebrovascular 
disease (49); (6) those with congenital anomalies (20). 

Those cases with no demonstrable organic change were 
subdivided into (1) those with generalized attacks or petit 
mal (174), (2) those with focal attacks (102); (3) those 
associated with generalized metabolic changes (4). 

On clinical grounds the cases were divided into 
generalized, petit mal, focal motor, focal sensory, and 
focal psychical. There were 373 cases with generalized 
and 327 attacks with focal epilepsy. 

The ages of onset of the seizures were considered. 
The highest incidence of epilepsy due to birth injury was 
in the first decade; due to supposed centrencephalic 
causes in the second decade; due to head injuries in the 
third decade; due to space-occupying lesions in the fifth 
decade; and due to cerebrovascular disease in the sixth 
decade. 

By comparing the duration of the epilepsy in cases with 
and without demonstrable organic brain changes it was 
shown that the duration had little relationship to the 
degree of brain atrophy. It was suggested that the brain 
changes might be the cause of the epilepsy rather than 
the result of it. 

Of the 463 cases with E.E.G. reports available, 367 
were abnormal. The generalized electrical activity cor- 
responded to generalized seizures in 81:2°% of cases and 
focal activity to clinically focal attacks in 70-3 %. 

In 304 cases information regarding birth was available. 
Of this sample, 30-2°% showed evidence of abnormality of 
birth. In 402 cases information was available regarding 
birth injuries. Fifty-three cases had a history of injury 
at birth but only 31 showed abnormal air studies. Seventy- 
seven per cent, or 449 cases, had a history of infantile 
convulsions. 

The association of epilepsy with menstruation was 
investigated. Ninety-three women supplied information 
and there was an association in 38 cases. The majority 
of these fell into the groups of attacks of supposed 
centrencephalic origin. 


Some Unusual Cases of Neurosyphilis 


RoBeRT HuGues (Liverpool) described a series of 
unusual cases of neurosyphilis seen in Liverpool during 
the past few years. 


Case 1.—A woman, 53 years, had a one-year history 
indicating a dementia paralytica. When first seen the 
pupils were normal; a fortnight after admission to 
hospital she developed typical Argyle-Robertson pupils. 
A month after chemotherapy had been begun the pupils 
became almost normal although the left was slightly 
sluggish in reaction to light and accommodation. Her 
mental symptoms disappeared but at a later date she had 
some epileptic attacks. 


Case 2.—A woman, 61 years, was diagnosed as having 
tabes dorsalis in 1941 and had a course of 12 injections. 
For a period of 15 years her neurological state 
deteriorated, until when seen in 1946 she was unable to 
stand without assistance. She had gastric crises and loss 
of sensation in the legs below the knees. She had been 
seen at various hospitals throughout this period and her 
serological reactions were completely negative. Unfor- 
tunately no treatment had been given and when at last 
effective chemotherapy was started in 1956 there was no 
improvement. 


Case 3.—A man, 29 years, had a history of one attack 
of unconsciousness two years before, and was seen at an 
out-patient clinic with early papilloedema, and a brain 
tumour was suspected. The eye trouble disappeared 
completely on anti-syphilitic treatment. 


Case 4.—A man, 49 years, had shown marked mental 
deterioration for the past year, some evidence of a right 
frontal lobe lesion clinically, and an E.E.G. showed a 
delta focus in this area. A brain tumour was suspected 
but on serological reactions this was thought to be a case 
of dementia paralytica. 


Case 5.—A woman, 21 years, described attacks of 
blurring of vision of the left eye and double vision during 
the past year, and more recently weakness of the right 
side of the body. Disseminated sclerosis was suspected 
but the condition proved to be syphilitic. 

Case 6.—A man, 40 years, was admitted as an emer- 
gency in June, 1958, with an acute lesion in the right 
cerebral hemisphere, neck rigidity, temperature 102°, and 
large numbers of polymorphs in the cerebrospinal fluid. 
The E.E.G. showed a delta focus in the right hemisphere. 
A brain abscess was suspected but the condition proved 
syphilitic and responded rapidly to chemotherapy. 

Case 7.—A woman, 64 years, had had cerebellar ataxia 
of one year’s duration. At first this was thought to be a 
carcinomatous neuropathy as she had had an adeno- 
carcinoma of the colon removed five years previously. 
The condition proved syphilitic and during the following 
two years there was no evidence of a recurrence of the 
carcinoma. 

Cases 8 to 10 were instances of neurosyphilis precipi- 
tated by head injury. 

He stressed that neurosyphilis was still frequently seen 
in his clinic and should be considered in all neurological 
cases. 


The Anatomy of Thalamic Pain 
D. BowsHeR (Liverpool) presented the results of some 
investigations on the brain-stems of patients dying at 
suitable intervals after antero-lateral cordotomy, using 
the Nauta silver technique. These results had confirmed 
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and extended the observations of previous authors on 
the widespread connexions of fibres from Gower’s tract. 
Although a few fibres passed directly to the thalamus, 
there was a very large spino-reticular contingent ending 
chiefly in four zones of the ventro-medial reticular 
formation. Other fibres passed to the corpora quadri- 
gemina, the inferior olive and lateral reticular nucleus, 
and to the sensory cranial nerve nuclei. 

In one case dying 32 days after operation, preliminary 
and only very approximate fibre counts had been made 
in transverse sections stained by the method of Haggqvist. 
These counts suggested that, of the fibres present in 
Gower’s tract at C.1 level of the cord, only 45% of small 
fibres (2-44) and 70% of large (4-74) reached the rostral 
medulla. At mesencephalic level only 12% of small and 
36% of large fibres remained. These figures served to 
emphasize the quantitative importance of the spino- 
reticular element in Gower’s tract. 

It had already been suggested (Bowsher, 1957) that 
while direct spino-thalamic fibres were responsible for 
acute localized pain, the spino-reticular fibres were a 
link in a neuron chain by which diffuse, poorly localized 
pain or discomfort was eventually brought into con- 
sciousness. This second pain pathway bore a remarkable 
resemblance to the “reticular activating system”, and 
this parallel was investigated electroencephalographically 
in patients with spontaneous “thalamic”? pain accom- 
panied by anaesthesia to acute pricking pain. It was found 
that the alpha rhythm was only desynchronized in those 
cases in which it was possible to evoke the diffuse pain. 
It was suggested that massive cortical “‘activation’”’ by 
non-specific impulses travelling up diffuse reticulo- 
thalamo-cortical pathways was responsible for the 
“thalamic” type of pain. 
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Observations on the Injection of Xylocaine into the Frontal 
Lobes 


P. M. O’ FLANAGAN (Liverpool) described the results of 
injecting “‘xylocaine” into the frontal lobes as a test for 
determining the probable results of a leucotomy. He 
noted that Fulton (1951) had suggested that where the 
therapeutic effect of leucotomy was in doubt the area in 
question could be injected with local anaesthetic as a 
trial. In order to evaluate this procedure a pilot study 
had been undertaken over the past two years. 

One per cent. plain “xylocaine” had been injected 
bilaterally into the lower medial frontal quadrant 
approximately 1 cm. superior to the orbital plate and just 
anterior to the frontal horn of the lateral ventricle. The 
amounts injected varied from 2 to 9 ml. The subjects 
consisted of 18 psychiatric patients, including psychotics, 
psychopaths, and neurotics. 

Complex autonomic changes occurred in 84% of the 
cases immediately after the second injection. No laterali- 
zation was shown. These changes included alteration in 
blood pressure levels, often sudden and marked, also 
apnoea up to 15 minutes, and unilateral or bilateral 
mydriasis. 
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Recovery of consciousness was sometimes delayed up 
to four hours whilst drifts in blood pressure, pulse rate, 
and body temperature, changes in skin coloration, and 
coarse muscle fasciculations were delayed responses. 
Independence was shown in the immediate responses to 
each other. 

One male patient of 62 died of a cerebellar haemorrhage 
(5% mortality). One patient developed a thrombosis at 
the head of the right caudate nucleus and another a 
transient coma with hemiplegia and hyperthermia four 
days after injection. Both patients recovered fully. 

E.E.G. investigations showed the following changes. 
In those patients with a profound fall in blood pressure 
there were hypoxic rhythms. Runs of 6 c./sec. activity 
were seen during the recovery phase after the fall in blood 
pressure. Desynchronization and decrease in amplitude 
of the orbital rhythms were also seen. 

Statistical examination disclosed that apnoea was an 
unfavourable factor (x? = 0-1 level of significance). The 
other autonomic responses showed no statistical relation- 
ship to prognosis. 

Forty-seven per cent. showed no psychiatric improve- 
ment. Seventeen per cent. manifested short and equivocal 
improvement. Forty-five per cent. showed a loss of 
physical and mental symptoms lasting seven to 84 days. 
Of the latter group all but one were subjected to 
leucotomy, and 84% showed marked improvement or 
recovery. 

It was concluded that a definite and maintained loss 
of symptoms with no excessive increase in extraversion 
after local injection appeared to justify a leucotomy. 
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The Spitz-Holter Valve 


G. H. McNas (London) described his experiences with 
the Spitz-Holter valve in the treatment of hydrocephalus 
and showed a film of the operative procedure. He noted 
that the valve was designed to provide a unidirectional 
flow of cerebrospinal fluid from the lateral ventricle to the 
superior vena cava at a set pressure of 50 mm. water. The 
success of the new valve was due to the use of specially 
purified silicone rubber. This material was non-wettable 
and adherent to itself so that the valves could open and 
shut at the set pressure without loss of resilience. The 
slit valve caps never came in contact with blood so that 
the cerebrospinal fluid was retained within its own 
boundaries. He reported that Lawrence, working at 
The Hospital for Sick Children, Great Ormond Street, 
had investigated a series of 182 cases of hydrocephalus 
not subjected to any form of operation. Of these 89 had 
died, nine remained progressive, three were untraced, but 
most importantly 81 appeared to have undergone spon- 
taneous arrest. Of these arrested cases, 75% were educable 
with an I.Q. of over 50 and 57% had a normal 1.Q. Many 
suffered additional physical handicaps but 33% of the 
group were free from physical disability. It followed, 
therefore, that operative methods of treatment must offer 
at least 46% arrest of hydrocephalus and more than 57”, 
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just be able to attend a school for normal children 
rovided their physical handicap would permit this. 

He had inserted 60 of these valves over a nine-month 
sriod, 49 (81°%) were still working. The cause of block 
as aqueduct stenosis in 16%, basal cistern block in 53%, 
1d Arnold-Chiari deformity in 31°. In 19 cases there 
is an associated myelomeningocele and consequent risk 

infection. Hydrocephalus was well advanced when 
satment was started and the average depth of cortex was 
7cm. It was noted that whilst 2 cm. had been suggested 

. the minimum depth of cortex associated with normal 
telligence, he had had several cases with cortex of only 
5 cm. and 1.Q. of 85 to 100. The average head circum- 
rence was 194 in. and it was noted that with circumfer- 
ices above 22 in. the cortical depth was always below 

.cm. 

Eleven deaths had occurred in the series. Five cases of 
\rnold-Chiari deformity died with infected clot formation 
i the superior vena cava and heart. Five cases of basal 

_istern block died, three due to septic clot formation and 
iwo from excessive loss of cerebrospinal fluid following 
removal of a polythene tube from spino-ureteric drainage 
und removal of a valve from one side to the other. One 
case of aqueduct stenosis died from haemorrhage and 
infection following ventricular taps in another hospital. 
In all these cases the valve was found to be in working 
order at necropsy and the jugular catheter free of clot. 

A full description of the valve was given and illustrated 

with the film. It was stressed that failure was due to clot 
forming on the wall of the vein at the end of the jugular 
catheter; minor trauma to the wall and excessive mobility 
of the tube might be causative factors. To prevent this, 
ihe tube was now secured at its entry to the internal 
jugular vein by the use of a nylon junction tube and the 
lumen of its distal portion had been reduced. 


The Management of Malignant Cerebral Astrocytoma 


PHILLIP HARRtIs (Edinburgh) gave a preliminary report 
on the management of 62 patients with malignant cerebral 
astrocytoma seen during the period November, 1955, to 
November, 1957, when linear accelerator (4 MeV) radio- 
therapy had become available. The main advantages of 
supervoltage radiotherapy were less skin dose, no per- 
manent epilation, a greater dose at depth and reduced 
bone absorption and therefore a higher tumour dose. It 
was found that whole head treatment was necessary to 
ensure that the whole of the tumour was being irradiated. 

A decision regarding investigation and treatment was 
made partly on the clinical course; thus the prognosis was 
very poor (survival under three months) if there were 
severe neurological deficits and no treatment was 
attempted. The prognosis was better if raised intracranial 
pressure was the presenting symptom, and better still if 
the latter was epilepsy. By the age of 40 in men, and 50 in 
women, the prognosis was poor, over the age of 60 in 
either sex it was usually hopeless, below 35 years it was 
quite good. 

Cerebral angiography was helpful in diagnosis, and also 
in prognosis. Thus 56 patients had this test. In 25 the 
typical tumour circulation of a malignant astrocytoma 
was seen, only two of these patients survived one year; of 
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the 31 patients without a tumour circulation on angio- 
graphy, nine survived one year and six others were well 
after a period of two years. A further three patients were 
well after one year and two after two years. 

Kernohan’s classification of astrocytomas was used 
(Svien, Mabon, Kernohan, and Adson, 1949). The 
majority of the tumours were in Grade 4. Nine without 
tumour circulation on angiography were in Grade 2; 
only one with circulation was in this grade. 

Using the above criteria, 43 patients had surgical 
decompression (partial excision of tumour—usually by 
lobectomy, in 16); and 32 had a full course (4,500 r) of 
radiotherapy, with 50% survival of six months, and 30°% 
of one year. This compared with 18°% and 10% respec- 
tively in the 263 patients with a similar type of neoplasm 
seen in the previous five years. 

Assessment of the results of treatment was based on 
the clinical state, and if available, angiographic and patho- 
logical changes. In three patients, a return of raised 
intracranial pressure one year after decompression and 
radiotherapy was due to cyst formation in the tumour 
site; there was a good response to further surgical treat- 
ment. 

The present management of these most difficult and 
quite common neoplasms appeared to give improved 
results regarding the period of useful survival. 
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Some Experiences with Echo-Encephalography 


ANTHONY JEFFERSON (Sheffield) presented his 
experiences with the Kelvin and Hughes Mark V flaw 
detector specially modified by the makers in collaboration 
with Dr. Douglas Gordon. Initially the frequency of the 
emitted ultrasound was 2:5 megacycles per second. More 
recently better results had been obtained with a frequency 
of 1-5 megacycles per second. 

This apparatus might be of help in detecting the pre- 
sence of, or in confirming the absence of, a supratentorial 
mass. He had not been able to demonstrate that it had 
any other diagnostic potentialities. 

Fifty cases had been tested to date. In all of them there 
had been radiological or operative verification of the 
findings. In 31 cases with no midline displacement a 
central echo was satisfactorily obtained in 25 and with 
difficulty in three cases. In three cases the presence of 
displacement was falsely indicated. In 19 cases with 
midline displacement this was demonstrated satisfactorily 
in 13 and with difficulty in one. A central echo was 
falsely obtained in five cases. Some examples of the results 
were shown. 

It was concluded that the flaw detector might give 
helpful information but it might mislead. It was easy to 
learn to use but sometimes its use was a little laborious. 
However, he agreed with Leksell (1956, 1958) that it pro- 
vided a potentially valuable tool—possibly even more 
valuable after further slight modification. Already there 
had been occasions when the decision to transfer a patient 
to the neurosurgical department had been taken at the 
bedside from information derived from this device. He 
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noted that it would take time to establish the flaw 
detector in the diagnostic hierarchy and that the present 
report was in the nature of a preliminary communication 
designed to draw attention to the possibilities of the 
method. (He expressed his gratitude to Messrs. Kelvin 
and Hughes Ltd. who had generously loaned the 
apparatus.) 
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The Use of Paraspinal Acrylic Inlays in the Treatment of 
Cervical and Lumbar Spondylosis and Other Conditions 


GEOFFREY KNIGHT (London) discussed the use of 
acrylic inlays in certain spinal conditions. He suggested 
that in degenerative and traumatic lesions of the spine 
referred pain from deep ligaments affected by altered 
mechanical stress was often more important than pain 
from root compression. Acutely painful or unstable 
joints could be supported and overstretching of ligaments 
prevented by placing an inlay under the paravertebral 
muscles on the posterior aspects of the laminae. 

A sheet of acrylic plastic (“kallodent”’ preparation 222 
range) was used for this purpose. If this was inserted in 
a soft, doughy consistency it would adapt to local 
curvatures and harden in situ within 24 hours. This slow 
setting was advantageous as the spine could be supported 
in the optimum position for 24 hours during which time 
the inlay adapted itself to the required position and 
formed a well-fitting and firm support. Correct con- 
sistency before insertion was important and this was 
usually obtained 20 minutes after the mixture of 34 parts 
of acrylic polymer with | part of acrylic monomer. If the 
plastic was inserted while still tacky or moist an excess of 
serous fluid might form around the inlay. This reaction 
had occurred in certain cases in the lumbar region but 
never in the cervical. This might be due to the greater 
amount of material inserted but the risk of reaction was 
minimized by using a firm, dry inlay in a completely dry 
bed in which absolute haemostasis had been secured. 

In the cervical region inlays had successfully relieved 
severe referred pain from areas of spondylosis and old, 
painful cases of fracture dislocation, thus enabling 
patients to discard collars which they had had to wear 
continuously. The operation was conducted in the sitting 
position, the inlay being inserted usually over the back 
of the fifth, sixth, and seventh laminae on one side only, 
after which the head was held in neutral position for 24 
hours by a plaster back-slab. 

A large inlay from the level of the occipital plate to the 
third cervical lamina had produced a satisfactory stabili- 
zation in a case of atlanto-occipital subluxation produced 
by rheumatoid arthritis. 

In the lumbar region inlays had been employed in 
patients suffering from syndromes of low back pain with 
referred pain in the legs produced by overstretching of 
ligaments resulting from abnormal mobility of a lumbar 
vertebra. In these patients the spine was painless only in 
one balanced position. Pain was provoked by movement, 
by jarring of the spine while travelling, by walking, and 
by rotation of the spine when rolling over in bed. In the 
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lumbar region, after the insertion of an inlay into a 
completely dry bed, the patient was nursed flat on t \e 
back with the spine slightly extended over a pillow for 
the first 12 hours and was allowed up at the end of three 
days. 


Late Results in Five Cases of Communicating Hydro- 
cephalus Treated by Theco-peritoneal Anastomosis 

A. R. TAYLOR (Belfast) reported the results in five cases 
of children with communicating hydrocephalus treated 
by theco-peritoneal anastomosis, the survivors of eight 
so treated in 1952. These cases were studied by a psycho- 
logist, a psychiatrist, and a neurological surgeon. The 
parents had also been interviewed. They all fell into the 
1.Q. groups 100-110. None had gross personality dis- 
orders and all were progressing normally at school. The 
results had no relationship to the thickness of the 
surviving pallium before operation, which in one case 
was 0-5 cm. One child required a second operation in his 
third year; the others had presumably by then balanced 
their cerebrospinal fluid production-absorption mech- 
anism as they had outgrown their tubes. 


Ventriculo-Peritoneal Anastomosis in the Treatment of 
Hydrocephalus 

J. M. ROBERTSON (Glasgow) presented his experiences 
in the treatment of infantile hydrocephalus by ventriculo- 
peritoneal anastomosis and discussed the value of this 
procedure in other neurosurgical conditions. This type 
of shunt was particularly useful in that it was applicable 
to both obstructive and communicating hydrocephalus. 
Much of the success of this operation was attributed to 
the silicone tubing used; this was elastic and pliable, did 
not kink or undergo any alteration in the tissues, and 
did not cause any tissue reaction. 

The tubing, 1.5 mm. O.D., 0-5 mm. bore, was inserted 
into a lateral ventricle, usually the right, through a 
posterior parietal burr hole and fixed by a flanged silicone 
tube threaded over it and secured to the pericranium. 
Most obstructions in the tube were found at the distal 
end and all occurred within the first two months. Usually 
some debris was found lodged in the tube but in others no 
obstruction was found and usually re-positioning of the 
distal end of the tube in the peritoneum produced a 
satisfactory result. In a few cases washing through the 
tube with Fisher’s solution by needling the tube through 
the skin had cleared the obstruction; in others exposure 
of the abdominal end of the tube had been necessary. 
Sepsis had been the sole cause of failure to establish 
drainage in the unsuccessful cases. In three of such cases 
the hydrocephalus was associated with a meningocele. 
The shunt was established first to drain the hydrocephalus 
and relieve tension in the meningocele. In each case 
infection supervened, leading to tube obstruction and 
finally death in the acute stage of infection. A fourth 
similar patient died at operation later for closure of the 
meningocele. The other unsuccessful case was of a chil: 
with an aqueduct obstruction still alive two and a ha!f 
years after attempts at drainage were abandoned. |! 
was concluded that it was desirable to carry out repa'’ 
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of a meningocele before drainage was attempted. The 
ise of cortisone to prevent abdominal reactions appeared 
o have some value and in the past 18 months a four-week 
-ourse of cortisone had been given post-operatively in 
ill cases. In all 33 cases had been treated with 85% 
uccessful results. 

The outstanding problem of the operation was how 
o allow for the child’s growth. Leaving spare coils of 
ube in the lateral ventricle or abdomen was unsatisfactory 
nd the use of telescoping drains had been unsuccessful. 
he natural stretch of the silicone tube might compensate 
»r some degree of growth but it was hoped that many of 
he cases might stabilize after a period of drainage. If 
vecessary there was no reason why the procedure should 
ot be repeated when the child outgrew the tube. 

The operation probably had some value in post- 

vflammatory cases where a spinal block or raised 
ntracranial pressure had developed. It was even possible 
) the active stages of tuberculous meningitis and no 
evidence of peritoneal involvement had followed such 
drainage. Eight such patients had been treated, seven of 
vhom were still alive, and three further patients in an 
inactive phase had been treated, of whom two were still 
alive. Nine cases of pyogenic meningitis had been treated 
of which seven were still alive. Further conditions con- 
sidered for this operation were subdural haematomata, 
pseudo-meningocele, pseudo-tumour cerebri, brain-stem 
tumours, and those cases where ventriculo-cisternost omy 
had failed. 
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Handbuch der speziellen pathologischen Anatomie und 
Histologie. Edited by F. Henke, O. Lubarsch, and A. 
Rossle. Vol. XIII]: Nervous System, edited by W. Scholz. 
(Section 2, parts A and B. pp. 2902; 1199 figures. DM. 
859.50.) Berlin: Springer-Verlag. 1958. 

The appearance of section two completes the 13th 
volume of the Henke-Lubarsch Handbook. Part A 
(pp. 1,325) deals solely with inflammatory disease of the 
central nervous system. The principal contributions are 
from Ludo van Bogaert, of Antwerp, who writes on the 
encephalitides and poliomyelitis; Hans Schleussing, of 
Munich, on meningitis; Gerd Peters, of Bonn, on 
multiple sclerosis and other demyelinating diseases; 
Ernst Straussler, of Vienna, and O. Gagel, of Nuremburg, 
on neurosyphilis; and S. Scheidegger, of Basle, on 
tuberculosis, malaria, mycotic infections, and leprosy. 

Part B (pp. 1,576) contains massive contributions from 
three authors: F. Erbsléh, of Munich, who writes on the 
neuropathological manifestations of various systemic 
diseases, including endocrine and blood disorders; 
Angel Pentschew, of Washington, on the intoxications 
and deficiency disease; and Hans-Joachim Colmant, of 
Bonn, on the various forms of motor neurone disease. 

The Henke-Lubarsch Handbook is uniquely huge. 
Volume 13, which covers the pathology of the nervous 
system, consists of seven large books (of which the two 
parts under review are the largest), occupies 144 inches 
of shelf space, weighs 35 lb. and costs about £206 10s. 
It is, and is likely to remain for several years, the major 
work of reference for neuropathologists all over the 
world—if they are fortunate enough to have access to it. 


Pharmakopsychologie und Psychopathologie. By 
Wolfgang de Boor. (Pp. xi + 291. DM. 39.60.) Berlin: 
Springer-Verlag. 1956. 

Much gratitude is due to anyone who undertakes the 
tedious labour of compiling an annotated bibliography 
of a rapidly expanding scientific field. Dr. de Boor has 
carried out this arduous task, as part of his effort to 
produce a compendium of “pharmaco-psychology”. 
In order to keep his text within manageable limits, he 
has had to select from the vast literature; it is sometimes 
possible to disagree with his choice, but on the whole a 
balanced and informative picture is offered of the state 
of knowledge up to 1954. The chief defects are the 
relatively inadequate coverage of publications in English, 
and the lack of critical evaluation in the accounts of what 
individual workers have reported: these defects are 
particularly evident in the section on alcohol. Dr. de 
Boor hopes that this edition of his book will be the first 
step towards a complete review of the relevant material, 
carried out by a team of experts: the development of 
the subject, however, points to the need for a series of 
yearbooks rather than for a comprehensive treatise. 
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The Relationships Between Electroencephalographic 
and Psychological Data in Normal Adults. By P. F. 
Werre. (Pp. vii + 152 + 9 figures, 3 tables. FI. 15.-.) 
Leiden: Universitaire Pers. 1957. 

The author of this beautifully printed monograph 
evidently collected and examined his electroencephalo- 
graphic data with loving care, while treating his psycho- 
logical data with casual brevity. More than half of his 
text is devoted to a survey of the literature; of the 
remainder, in which he describes and discusses the 
observations made on 30 normal subjects, very little is 
concerned with the psychological tests and their detailed 
results. The treatment of these results is primitive, so 
that the reader has no means of judging whether the 
author’s tentative conclusions about the relation between 
electroencephalographic and personality variables are 
warranted. 


Methods of Group Psychotherapy. By Raymond 
Corsini. (Pp. xi + 251. 49s.) London: McGraw-Hill. 
1957. ; 

Group psychotherapy has developed in a haphazard 
way which makes it difficult to trace and know its various 
current forms. Dr. Corsini has here provided an impartial 
though not uncritical guide. In the first half of his book 
he details the history, theory, and procedures of group 
psychotherapy, with additional chapters on the desirable 
characteristics of the group therapist and on the evalua- 
tion, such as it is, of the various methods. The second 
half of the book offers verbatim samples of what goes on 
in four kinds of group treatment—the approximately 


psychoanalytic, the non-directive, the family-counselling, 
and the psychodramatic varieties. Though the review of 
the literature ends in 1955, it is fair and comprehensive, 
and shows keen awareness of those crucial questions 
about technique, indications, and modus operandi, which 
remain unanswered. 


The Early Diagnosis and Treatment of Acoustic Nerve 
Tumors. By J. Lawrence Pool and Arthur A. Pava. (Pp. 
viii + 161; 33 figures. 42s.) Oxford: Blackwell Scientific 
Publications; Springfield, Illinois; Charles C. Thomas. 
1957. 


This monograph provides a comprehensive review 
based upon a large personal experience and a knowledge 
of the literature. Although in the majority of cases the 
diagnosis can readily be made, in a proportion of patients 
with an evident intracranial tumour, the possibility that 
the tumour is acoustic is not even entertained. Such 
cases are described in this book and emphasis laid upon 
the need for careful tests of hearing and of labyrinthine 
function. It is in the attention to the disturbances of 
function of the acoustic and trigeminal nerves that early 
diagnosis can be achieved and the use of the word 
“early” in the title of this book implies an emphasis 
which is hardly present. Operative treatment is discussed 
in detail and the pros and cons of partial and of total 
enucleation carefully set out. It is a pity that this 
important section of the book has not been provided with 
better illustrations. Neurosurgeons will be interested to 
learn that tracheotomy is performed so frequently, often 


as a precautionary measure against anticipated respirator 
complications. The book will be of value to all neuro 
surgeons, and neurologists and otologists will find muc! 
of interest in it. It provides a vivid commentary upon th 
progress made in neurological surgery since Cushin 
wrote in 1917 that “the foolhardiness of attempting . 
total extirpation was not yet fully realised’’. 


Mental Seduction and Menticide: The Psychology o/ 
Thought Control and Brainwashing. By Joost A. M 
Meerloo. (Pp. 324. 21s.) London: Jonathan Cape 
1957. 


False confessions, traitorous submission, acceptanc 
of abhorrent beliefs—these evidences of what tyranny. 
torture, and ruthless indoctrination can achieve are 
miserably well known to our generation. Since the 
techniques used to bring about such results are patently 
psychological, and are reputed to be applications of what 
is known about conditioning, suggestion, motivation, 
and other such mental processes, it was inevitable that 
some psychiatrists, as experts in morbid psychology, 
would offer interpretations of what happens to individuals 
and to communities who use or who suffer these criminal! 
techniques. Unfortunately their explanations commonly 
outrun the available facts, and become speculative musings 
or doctrinaire pronouncements. Dr. Meerloo’s book is a 
tract for the times, drawing attention not only to the 
dangers of “brain-washing” and coercion but also to 
unobtrusive interference with our thoughts and feelings 
by mechanization, the growth of bureaucracy, and social 
pressures. He surveys all this from clinical, psychoanaly- 
tical, and Pavlovian standpoints. His outlook is liberal 
and his survey broad, though not penetrating: it would 
be more profitable reading for optimists than for cynics. 
There is relatively little technical jargon in this book, 
but at times the author tumbles into the pitfall, as when 
he tells us that “totalitarianism is man’s escape from 
the fearful realities of life into the virtual womb of the 
leader’: or that ‘“‘Moloney compares this sudden yielding 
with the theophany or kenosis (internal conversion) as 
described by some theological rites’’. 


Deafness, Mutism and Mental Deficiency in Children. 
By Louis Minski. (Pp. 82; 13 figures. 12s. 6d.) London: 
Heinemann. 1957. : 

This is an unassuming account of the work done in a 
unit conducted by Dr. Minski for the differentiation of 
mentally defective from deaf children and others with 
defective speech. It makes no pretence at surveying the 
literature of the subject, or assessing the relative diagnostic 
value of the physiological and psychological tests 
employed. Though medical readers would require more 
detailed evidence than is set out in it, this little book 
serves a modestly useful purpose as a simple statement 
of current practice, based on personal experience. 


Atlas d’Anatomie Stéréotaxique. By J. Talairach, M 
David, P. Tournoux, H. Corredor, and T. Kvasina 
(Pp. 294; 99 figures, 91 plates. Fr. frs. 9,000.) Paris: 
Masson. 1957. 


This handsomely produced volume represents con- 
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clusions based upon an anatomical study of 90 post- 
mortem brains. In a number of these, parallel needles, 
iligned by passage through a perforated metal plate, 
were passed into the brain through the skull either at 
right angles to the sagittal plane or parallel to it. Radio- 
zraphs were taken in each of these two planes after 
njection of contrast media into the ventricles. The 
-alvarium was partially removed to allow access of 
ixative, and 24 to 48 hours later the needles were removed 
ind the brain examined. The remainder of the series 
vere fixed in situ and the series of needles inserted after 
emoval from the skull. In all specimens, the space 
vetween the needles being known, it was possible to 
measure the length of the “base line’’ and the dimensions 
of any particular nuclear structure. 

The “base line’’ chosen was that connecting the 
anterior and posterior commissures of the third ventricle 
ind through each of these a perpendicular was drawn. 
The position of the “base line’’ was also indicated at each 
antero-posterior level. 

Histological examination was carried out on 10 brains 
of the series and sections were stained for myelin only. 
The remainder were cut into 2 mm. slices. From this 
study the conclusion is drawn that the various diencephalic 
nuclei maintain a constant relationship to the base line 
whatever the individual variations in its length. Thus, 
for the thalamus, a rectangle, drawn in the lateral 
encephalogram, is enclosed by the base line, the perpen- 
diculars through the commissures, and a line parallel to 
the base line through the summit of the thalamus in the 
floor of the lateral ventricle. The two dimensions of this 
rectangle may vary from case to case, but the coordinates 
of any one nucleus are stated to vary proportionately. 

It has not proved possible to evolve a similar pro- 
portional method for the lateral dimensions which are, 
therefore, represented by standard values in the antero- 
posterior film. 

For any one structure, areas or “zones of security”, 
are plotted in the lateral and antero-posterior films which 
represent the mean areas, for the structure, common to 
all specimens studied. 

It is to be noted that 10 brains (histologically studied) 
is probably too small a number upon which to base the 
claim that the diencephalic and sub-thalamic nuclei bear 
a constant relationship to the intercommissural base 
line, particularly as such a claim is at variance with the 
conclusions of other workers. Further, the statement 
appears in the text to the effect that the perpendicular 
through the posterior commissure always passes at the 
posterior limit of the centromedian nucleus of the 
thalamus, while in three illustrations portraying this level 
the partially or fully developed centromedian nucleus 
can be seen. 

The atlas proper consists of a presentation of the 
lateral and antero-posterior zones of security for the 
thalamic, subthalamic, and hypothalamic nuclei as well 
as the basal ganglia. In addition, various lateral and 
antero-posterior levels are depicted for each structure. 
\t would appear, however, that this section cannot fairly 
be described as an atlas in that no level illustrated is 
.ccompanied by any indication of its position in relation 
0 the commissures or base line. 


The neurosurgeon for whom this book is primarily 
intended will certainly conclude that here is a technique 
that claims effectively to overcome the crucial problem 
of individual variation. The validity of this claim is 
unlikely to be called into question when the target is of 
the dimensions of the globus pallidus. For an individual 
thalamic nucleus, however, the surgeon may be employ- 
ing a procedure whose real accuracy is limited by the 
restricted nature of the anatomical investigation upon 
which it is based. 


L’Encéphalographie Fractionnée. By Giovanni 
Ruggiero. (Pp. 510; 288 plates. Fr. fr. 13,500.-.) Paris: 
Masson. 1957. 


Encéphalographie Fractionnée describes the experiences 
of the author using this method of radiological examina- 
tion in over 600 patients. The technique is now well 
known and follows those described by Robertson and 
Lindgren. This, however, is the first book in which 
extensive descriptions of technique, complications, and 
appearances of abnormalities, particularly in the posterior 
fossa and basal cisterns, have been recorded. For these 
reasons alone the book is particularly valuable. In 
addition it is beautifully illustrated with radiographs 
and line drawings, and in particular contains many 
tables summarizing the findings. The latter features 
make the book reasonably easy to understand even if 
the reader’s knowledge of French is not extensive, but it 
is to be hoped that an English edition will be published. 
If this is done such a book will certainly be widely read 
by English speaking neurosurgeons, neurologists, and 
neuroradiologists. 


La Physiologie et la Physiopathologie du Cervelet. By 
A. Kreindler and M. Steriade; Foreword by P. Mollaret. 


(Pp. 308; 87 figures. 
1958. 


This book comes from the Pavlov Institute of 
Neurology in Bucharest and is a welcome though 
ambitious attempt at a complete account of the physiology 
of the cerebellum and its disorder by disease, a herculean 
task for any author, which, in this case, very nearly 
succeeds. 

The book begins with a discussion of the phylogenesis, 
morphology, and histology of the cerebellum which is 
excellent and well illustrated. The remainder of the book 
is a combination of a critical review of the literature 
(both eastern and western) with accounts of the authors’ 
own experience of human cerebellar lesions and of 
cerebellar ablation and stimulation in mammals. Chapter 
by chapter the relationship of the cerebellum with the 
spinal cord, the brain-stem, vestibular apparatus, and 
cerebral cortex are authoritatively discussed. When 
describing deficits of function, however, the authors are 
somewhat obsessed and overwhelmed at having to 
describe the “signs’’ so beloved by continental neuro- 
logists as the empirical necessity for diagnostic localiza- 
tion. Few of these remnants of Salpétri¢re dogma are 
used by English neurologists today because, though the 
many reflex changes of cerebellar dysfunction are well 
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recognized, each change may be determined by a common 
disorder of function of the postural reflexes. 

We would expect any work originating in “L’Institut 
de Neurologie I.P. Pavlov’ to correlate changes in 


conditioned reflexes with the experimental lesions, and 


in this we are not disappointed, even though it is rather a 
short account tagged on to the end of the chapter on the 
cerebral-cerebellar relationships. 

The final chapter on general theories about cerebellar 
function is disappointingly short and fails to summarize 
or amalgamate the experimental and review material. 
This reader is surprised that any account of posture and 
its disorders can be written without even mentioning 
muscle spindles, and it is unfortunate that Granit’s 
brilliant work on the cerebellum is completely ignored. 


Psychotherapy by Reciprocal Inhibition. By Joseph 
Wolpe. (Pp. xiv + 239. 40s.) London: Oxford University 
Press (Stanford University Press, Stanford, California). 
1958. 


In this book Dr. Wolpé presents a new method of 
psychotherapy. His argument is that only three kinds of 
processes are known which can bring about lasting 
changes in an organism’s habit of response to a given 
stimulus situation: growth, lesions, and _ learning. 
Neurotic behaviour originates in learning, so that it is 
to be expected that its elimination will be a matter of 
“unlearning’. He applied the known laws of learning 
to the special problem of neurosis and the technique of 
therapy by reciprocal inhibition emerged. The term 
“reciprocal inhibition’ is borrowed from Sherrington 
who used it to describe the inhibition of one spinal reflex 
by another. The author expands its use to encompass 
all situations in which the elicitation of one response 
appears to bring about a decrement in the strength of 
evocation of a simultaneous response. The psycho- 
therapeutic application of this is that if a response 
antagonistic to anxiety can be made to occur in the 
presence of anxiety-evoking stimuli so that it is accom- 
panied by a complete or partial suppression of the 
anxiety responses, the bonds between these stimuli and 
the anxiety responses will be weakened. 

Dr. Wolpe discusses his experimental work on cats in 
which lasting “neurotic” states had been induced and 
which could be “cured’’ by getting the animals to eat 
in the presence of progressively larger “doses” of 
anxiety-producing stimuli. He then discusses the applica- 
tion of the methods evolved to clinical practice, and gives 
the results of treating 210 neurotic patients. Of these 
patients, 39° were apparently cured and 50% were much 
improved. Only 3-3% were not benefited. These are 
impressive figures indeed and if substantiated the author 
has made a major contribution to the treatment of 
neurosis. 


Polymyositis. By John N. Walton and Raymond D. 
Adams. (Pp. x + 270; 47 figures, 8 tables. 32s. 6d.) 
Edinburgh and London: E. & S. Livingstone. 1958. 


This book comprises a review of the extensive literature 
on disorders of muscle, apart from dystrophy and purely 
infective conditions, followed by a very detailed analysis 


of 40 cases. A method of clinical classification wh. :h 
avoids much confusion in nomenclature is suggest: d. 
The present position of the pathological histology >f 
muscular disorder is controversial and the significar ce 
of the author’s findings on examination of biopsy 
specimens is presented with due reserve. They commeitt, 
“Although the clinical or pathological features alone my 
be insufficient for diagnosis, a combination of the two, 
with the aid of the electromyogram and biochemical 
tests, will, in our view, define and distinguish polymyositis 
as a specific syndrome in the majority of cases”’. 

This account does much to clarify an apparently very 
diverse group of conditions and will be particularly he!p- 
ful to clinicians in dealing with the difficult diagnostic 
and therapeutic problems which these disorders of muscle 
present. 


Chronic Schizophrenia. By Thomas Freeman, John L. 
Cameron, and Andrew McGhie; Preface by Anna Freud: 
Foreword by T. Ferguson Rodger. (Pp. x + 158. 2ls.) 
London: Tavistock Publications. 1958. 


This psychoanalytic essay is based on observations 
made during two years at the Glasgow Royal Mental 
Hospital on 12 schizophrenic women and six schizo- 
phrenic men from the “chronic refractory” wards. The 
patients spent the day in a treatment centre provided with 
facilities for occupation. One of the authors also fre- 
quented a large “‘female refractory” ward where he would 
sit for one and a half to four hours a day watching, and 
would join the nurses at tea to discuss events in the ward. 
The authors also conducted, at the beginning, joint 
psychotherapy sessions. The method of recording and 
analysis used was not, as far as can be judged, systematic, 
but it consistently attempted to relate clinical observa- 
tions to psychoanalytic theory. The authors recognize 
the risks in this procedure but defend it, in agreement with 
David Rapaport, on the ground that selecting patients’ 
spontaneous utterances and making inferences from 


‘them is the method par excellence of clinical research. 


Whether this is so or not, it obliges the reader to choose 
between acceptance of the inferences because he too is a 
psychoanalyst or uncertainty about their validity because 
nothing has been done to test, refute or confirm them, 
they stand on their plausibility. 

Anna Freud, quoting’ in her Preface the authors’ 
description of their efforts as a “clinical, interpretative, 
and therapeutic study of schizophrenia”’, says that it is a 
““special merit of this book that it offers more than the 
sober title leads us to expect”. As schizophrenia is the 
great riddle of psychiatry, this is indeed high praise. 
What the book mainly offers is a general account of the 
psycho-analytic conception of mental functioning and 
of the psychopathology of schizophrenia, perceptively 
illustrated by examples drawn from the authors’ obser- 
vations of their patients’ disturbances of identity. 
perception, thinking and memory, and finally a descrip- 
tion of how the nurses, at first insecure and anxious '1 
their dealings with their patients, were gradually broug!)' 
to understand them, talk freely to the psychiatrist abou! 
them, and become, in the authors’ view, the vital fact: 
in their recovery or otherwise. It is very clear that tl 
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measures introduced by the investigators had an invalu- 
able effect upon the nurses and were thereby beneficial 
to the patients, already far advanced in social deteriora- 
tion and loss of self-respect: though other theoretical 
approaches (linked, as this was, with genuine interest, 
warmth, and humanity) have achieved similar, or, it may 
be, in some respects better results, the experiment here 
outlined should offer encouragement to psychiatrists and 
nurses confronted with the vast problem of chronic 
schizophrenia. 


Neuritis, Sensory Neuritis, Neuralgia: A Clinical Study 
with Review of the Literature. By Robert Wartenberg; 
Foreword by W. Harris. (Pp. xii + 444; 13 figures. 68s.) 
Oxford University Press. 1958. 

This is Dr. Wartenberg’s last book, completed only a 
short time before his death. It is a most scholarly account 
ff both the literature and his personal experience of 
disorders of the peripheral nerves, excluding traumatic 
lesions. It is therefore most valuable as a reference book. 
Clinical presentations are meticulously described. The 
discussions are almost entirely in terms of anatomy and 
histology. The work, therefore, is not only the final 
achievement of a distinguished neurologist; it is also 
among the last studies in classical neurology. 


Die Hirngeschwiilste in biologischer und morpholo- 


gischer Darstellung, 3rd ed. revised. By K. J. Ziilch. 
(Pp. vii + 249; 102 figures. DM. 27.80.) Leipzig: J. A. 
Barth. 1958. 


Into this comparatively small book Professor Ziilch, 
who is one of the world’s leading authorities on tumours 
of the nervous system, has packed an enormous amount 
of information, much of which is not readily available 
elsewhere. 

The first hundred pages are devoted to general con- 
siderations. The problems of classification, of histo- 
genesis, and of aetiology are rapidly but thoroughly 
dealt with: statistics, with pictorial diagrams, are given 
for age, sex, and sites of predilection: and the general 
biological characters of brain tumours, including their 
secondary effects and their response to radiation, are 
discussed in some detail. 

Eighty pages contain highly compressed descriptions 
of the various types of intracranial neoplasms, with 
excellent photographs of gross and microscopic speci- 
mens. The terminology used corresponds to that com- 
monly adopted in this country, except that the term 
“spongioblastoma” is applied to the most benign type 
of astrocytoma—the cerebellar astrocytoma of childhood. 
\ further 10 pages are usefully spent in consideration of 
other space-occupying processes, including parasitic 
cysts and granulomata. 

The final section is concerned with the technical details 
of pathological investigation. There is a copious biblio- 
graphy. 

Altogether, this is a most businesslike monograph, and 
would repay translation into English. 


Electroencephalographische Studien bei Hirntumoren. 
3y Rudolf Hess; Foreword by Prof. H. Krayenbiihl. 


(Pp. iv 100; 8 figures. DM. 19.80.) Stuttgart: Georg 
Thieme. 1958. 


This monograph reports the E.E.G. findings in nearly 
700 patients with brain tumours seen in the Neurosurgical 
and E.E.G. Departments of the University of Zurich. 

The report is mainly a statistical one on the varieties 
of abnormalities found in routine encephalography 
correlated with the site of the tumour. The work is very 
carefully done and reported in detail. No correlations 
with the type of tumour are attempted nor are any special 
E.E.G. methods included. There is only a brief discussion 
of theoretical problems. 

The monograph is mainly of interest to electro- 
encephalographers but gives a very clear and critical 
picture of the value of routine technique in the diagnosis 
of tumours. 


L’Hydrocéphalie du Nourrisson. By Marc-Richard 
Klein in collaboration with Mme. L. Delegue, Mlle. J. 
Scharff, and Mme E. Bargeton; Foreword by Prof. 
Marcel Fevre. (Pp. 136; 37 figures. Fr. frs. 1,600.-.) 
Paris: Masson. 1958. 


This short monograph on infantile hydrocephalus is 
based on more than 300 cases operated on at l’Hopital 
des Enfants Malades. Dr. Klein discusses the various 
causes of the condition, prefacing this with a description 
of the cerebrospinal fluid concentration. He favours 
operation at an early stage before serious damage to the 
brain has occurred and, judging by the photographs of 
smiling children with normal-sized heads following 
operation, he has successful results. 


Fundamentals of Neurology, 3rd ed. By Ewart 
Gardner. (Pp. xi + 388; 154 figures. 40s.) Philadelphia 
and London: W. R. Saunders. 1958. 


This is the third edition of a book by the Professor of 
Anatomy at Wayne State University College of Medicine, 
Detroit, designed to present the basic factors of the 
anatomy and physiology of the nervous system for the 
student starting his clinical work in neurology. Books 
of this type must, presumably, be of value for a number 
of them have appeared in the last 10 to 15 years and 
some, including this one, have gone through several 
editions. The subject is adequately and interestingly 
dealt with and there are a number of useful diagrams. 
There is a well selected list of books for more detailed 
reading, and a valuable and original feature, a glossary 
of terms used in neurology with their classical derivations. 


Homosexuality, Transvestism and Change of Sex. By 
Eugene de Savitsch. (Pp. viii + 120. 12s. 6d.) London: 
William Heinemann Medical Books. 1958. 

This small book gives the impression of having been 
put together hurriedly. Homosexuality and transvest- 
ism are discussed only superficially, and most of the 
book is devoted to the operation of “change of sex’’, by 
which the author means change of external genitalia by 
operation. The operation consists of three stages— 
castration, amputation of the penis, and the creation of a 
vagina, the last being regarded as somewhat of a “* luxury”. 
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The author describes three male transvestites who were so 
treated because they threatened suicide unless something 
were done about their unhappy condition, and had indeed 
made nearly successful attempts. The question of thus 
operating on transvestites is complex, and can be discussed 
in its moral, legal, and pragmatic aspects. The author’s 
attempt to do so is all too superficial. 

He emphasizes at all times the constitutional aspects of 
homosexuality and transvestism; but this chapter on 
transvestism, describing a few famous historical trans- 
vestites, such as the Abbé de Choisy and “* Monsieur”’, 
the brother of Louis XIV, seems to stress rather the 
importance of training in the development of this con- 
dition. It is disappointing that there is no discussion of 
sex determination by chromosome study, a field in which 
some support for the author’s dogmatic statements 
might possibly be found. 


Autonomic Dyspraxia: An Hypothesis for the Mechan- 
ism of Psychosis, Neurosis and Psychosomatic Disease. 
By Brian G. Haynes. (Pp. viii + 122. 15s.) London: 
H. K. Lewis. 1958. ‘ 


** Autonomic dyspraxia ” is defined by the author as 
“disordered action of the autonomic control of the 
smooth-muscle and glandular structures throughout the 
body, the essential lesion lying in the hypothalamus, an 
emotional crisis being sine qua non.” 

In fact, what he is concerned with are the common 
psychoneurotic and psychosomatic states, all of which are 
attributed in a somewhat indiscriminate manner to 
autonomic imbalance. No new data are reported and no 
direct evidence of primary hypothalamic dysfunction is 
adduced. 

In view of the well-established connotation of the term 
** dyspraxia *’ in clinical neurology, its use in the present 
context is to be regretted. 


, 


The Cerebrospinal Fluid: Production, Circulation, and 
Absorption. Ciba Foundation Symposium. Edited By 
G. E. W. Wolstenholme and Cecilia M. O’Connor. 
(Pp. xii + 335; 141 figures. 50s.) London; J. & A. 
Churchill. 1958. 


This symposium includes much of the current knowledge 
of the anatomy and physiology of the cerebrospinal fluid 
and its pathways. The discussions at the end of each 
section will be chiefly of value to workers in the subject 
and to those contemplating experimental work involving 
cerebrospinal fluid or meninges. Many of the problems 
are clearly presented and much of the discussion is 
stimulating. 


Foundations of Neuropsychiatry 6th ed., revised and 
enlarged. By Stanley Cobb. (Pp. ix + 305 + Index. 
40s.) London: Bailli¢re, Tindall and Cox. 1958. 


The appearance of another edition of this well-known 
book testifies to its usefulness to students of neuro- 
psychiatry. A vast field is covered but although the 
approach is imaginative it is at times superficial. A list 
of references at the end of each chapter, however, indicates 
to the student how he can explore the subjects more 
fully. 


BOOK REVIEWS 


Viral Encephalitis, A Symposium. Fifth Annu |! 
Scientific Meeting of the Houston Neurological Societ , 
Texas Medical Centre. Houston, Texas. Compiled ard 
edited by William S. Fields and Russell J. Blattnc:. 
(Pp. ix + 225; illustrated. 52s. 6d.) Oxford: Blackwc!l 
Scientific Publications; Springfield, Illinois: Charles ©. 
Thomas. 1958 


This volume contains a number of papers on various 
aspects of viral encephalitis presented at a symposium of 
the Houston Neurological Society in 1957. The rate of 
progress of the knowledge of this subject has been such 
that a series of up-to-date critical reviews by authoritics 
in different fields might be expected to be of great value 
to neurologists wishing to keep abreast of current thought. 
The reader with such expectations will not be dis- 
appointed. The range covered is comprehensive, includ- 
ing accounts of the methods of identifying and distin- 
guishing the neurotropic viruses, the practical problems 
of clinical and laboratory diagnosis, and a lucid account 
of the epidemiology of the western equine and St. Louis 
types of encephalitis. Dr. Knox Finley contributes a 
valuable study of the sequelae of these two diseases from 
which it emerges that severe and often irreversible 
damage to the brain is not uncommon and is especially 
frequent when the disease is acquired during the first 
year of life. A review of the pathology of viral disease in 
man characterized by nuclear inclusions by several 
authors, including Dr. Webb Haymaker and Dr. L. van 
Bogaert, with a complete bibliography, occupies half the 
volume, dealing mainly with the encephalitis known to 
be caused by herpes simplex, and the disease known as 
subacute inclusion encephalitis. The evidence for and 
against the identity of the acute and subacute varieties of 
this disease is discussed, the co-authors being unable to 
agree upon this question and presenting their arguments 
in detail. That the subacute form is the same disease as 
that originally described by van Bogaert as subacute 
sclerosing leukoencephalitis is accepted, the question 
whether this is a smouldering herpes simplex infection 
being left unanswered, after full discussion. Dr. Herald 
R. Cox in the final contribution discusses current trends 
in the control of neurotropic viral diseases and has much 
of interest to say about vaccination for poliomyelitis. 
He is uncertain whether the Salk vaccine will provide the 
eventual solution of the problem and emphasizes the 
importance of insuring that the occurrence of polio- 
myelitis is not being postponed from childhood until 
later in life, when the disease is more severe and paralysis 
and death are more frequent. He gives a detailed 
account of the recent attempts to produce immunity by 
the oral administration of attenuated live virus. This is 
a book which should be read by all neurologists, and 
possessed by those who can afford its price. 


British Red Cross Society Mental Health Manual. 
By D. Stafford-Clark. (Pp. 86; illustrated.) London: 
British Red Cross Society. 1958. 


This is an excellent little publication which will be 
most useful to all those concerned with instructing laymen 
in the elements of health and disease. 


[ 
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THE TWO COMPONENTS OF THE GRASP REFLEX AFTER 
ABLATION OF FRONTAL CORTEX IN MONKEYS* 

BY 

GEOFFREY RUSHWORTH} and D. DENNY-BROWN 


From the Neurological Unit, Boston City Hospital, Boston, Mass., U.S.A., and the Department of Neurology, 
Harvard Medical School 


A grasp reflex was shown by Richter and Hines 
(1932) to result from experimental lesions in the 
pre-motor region (which they identified with area 
six of Brodmann) of the frontal lobes in adult 
monkeys. Reflex grasping in the monkey was later 
studied in more detail by Fulton and his associates 
in an effort to relate its occurrence to ablation of 
specific frontal areas and to analyse its nature at the 
periphery (Bieber and Fulton, 1933, 1938; Kennard 
and Fulton, 1933; Fulton, 1934). Since Janischew- 
sky (1909) first described reflex hand grasping in a 
patient with organic brain disease, it has been the 
subject of many reports and severai studies. Walshe 
and Robertson (1933) and Walshe and Hunt (1936) 
regarded the human grasp reflex as a purely pro- 
prioceptive reflex being devoid of visual or tactile 
elements, and a similar view of the simian grasp 
reflex was reached by Bieber and Fulton (1938). 
Seyffarth and Denny-Brown (1948) came to different 
conclusions for the human grasp reflex when they 
found that the adequate stimulus for it was a 
distally moving stimulus to certain areas of the palm. 
They were able to dissociate this triggering effect 
from the proprioceptive element. An essential 
sensory input for the reflex was derived from the 
skin and subcutaneous tissue of the palm, and this 
sensitized a secondary proprioceptive component 
when the stimulus stretched the long finger flexors. 
This secondary component reinforced and main- 
tained the closing phase of the grasp initiated by 
palmar stimulation. 

The large literature on reflex grasping shows many 
apparent discrepancies of observation and inter- 
pretation which are doubtless due to the confusion 
of terminology, lack of clear definition, and the 
failure to differentiate three distinct grasping auto- 
matisms (Seyffarth and Denny-Brown, 1948). In 
particular the lack of information regarding fixation 





*Assisted by a grant from the Harrington Fund. 
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of the upper limb during application of the stimulus 
to the palm leads one to suppose that shoulder 
traction had not been recognized as a potent stimulus, 
of itself, of reflex closure of the fingers (the traction 
response). 

In this paper we shall refer to the grasp reflex as 
the finger flexion, with thumb adduction that occurs 
in response to a distally moving pressure contact 
applied to the palm preceding traction on the finger 
flexors, with the shoulder, arm, and forearm fixed. 
It is regularly present after frontal lobe lesions in the 
monkey. It is to be compared with the “instinctive 
grasp reaction’’ which is the response to a light 
stationary or moving tactile stimulus on any part of 
the hand and it consists of orientation of the hand 
into a position necessary for finger-thumb palpation 
and final grasping of the object. This reaction, 
which is independent of vision, is occasionally found 
in the normal monkey, though the more usual 
response to a light tactile stimulus to the hand is one 
of slight withdrawal (avoiding). The instinctive 
grasp reaction is released by frontal lobe lesions in 
the monkey. Finally, the traction response has to be 
clearly differentiated from the other two grasping 
automatisms. Traction response is reflex finger 
flexion and thumb adduction resulting from abduc- 
tion and flexion or traction on the shoulder, and it 
can also reinforce the grasping automatisms outlined 
above. It is a synergistic effect of stretching the 
spastic muscles at the shoulder and it is present 
therefore in the thalamic monkey as Bieber and 
Fulton (1938) described. It is unaffected by deaffer- 
entation of the hand and arm, but not the shoulder 
(Twitchell, 1954) and is modified, as are stretch 
reflexes, by head and neck turning. Though it is not 
a true grasp reflex (as defined above), an animal 
rendered spastic experimentally and showing the 
traction response can learn to use it for a hooking 
type of grasping such as hanging from a bar. Later 
it may learn to project the arm to initiate the traction 
response of flexion of the fingers which can then be 
hooked around an object. The subsequent slight 
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stretching of the spastic finger flexors by the object 
may then result in closing the fingers through a 
facilitated stretch reflex and so lead to a fixed 
resistance to opening of the hand. It is therefore 
necessary to distinguish the purely passive traction 
response from grasping as a positive act. The present 
experiments were designed to clarify the grasp reflex 
of monkeys after frontal lobe ablation and to 
demonstrate the part played by the efferent muscle 
spindle innervation (gamma motor fibres) in this 
reflex. 


Methods 


Monkeys (M. cyamologous) weighing between 2,200 
and 3,000 g. were employed in this study. Their behaviour 
was watched for several days before operation and they 
were examined neurologically while strapped in a small 
chair designed to leave the limbs free while restraining 
the body. Under sterile conditions and nembutal 
anaesthesia (administered by the intraperitoneal route), 
the skull was opened by turning a left-sided bone flap. 
The central sulcus and the anatomical features of areas 
4, 6, and 8 of Brodmann were identified. The left frontal 
pole was amputated, and areas 8 and 6 removed by 
subpial suction through small holes in the pia-arachnoid. 
The pia collapsed over the ablated areas. Much attention 
was given to the orbital surface and the cingulate (area 
24) gyrus. The former was removed as far back as 
possible and the cingulate to the level of the medial limit 
of the central sulcus. After haemostasis had been secured, 
the dura was carefully repaired, the bone flap replaced 
and fixed by sutures in the galea. The muscles were 
closed in layers and the skin re-approximated by con- 
tinuous subcutaneous silk suture. 

By the next day the animals were usually quite active 
and at the end of a week the wound had healed sufficiently 
to allow of catching the animal in a net and strapping it 
into a special chair for neurological examination and 
experiment. The chair was provided with a wooden arm 
projecting at right angles to the chair-back and the 
animal’s right forearm was fixed to this by strips of 
“elastoplast” around the elbow and wrist. A light 
rubber band was fixed to the finger tips and attached to a 
Grass strain-gauge myograph with sufficient tension to 
keep the fingers just extended. A small concentric needle 
electrode was placed within the flexor muscles of the 
fingers and lightly fixed there. The potentials picked up 
by this and the output of the strain-gauge were suitably 
amplified and displayed on a cathode ray tube which was 
photographed on moving paper by means of a Grass 
camera. The stimulus for the grasp reflex was provided 
by a small insulated metal strip fitted with electrical 
contacts. The strip was moved with moderate pressure 
across the palm beginning proximally and the initial 
contact with the palm was signalled automatically as 
was the increased resistance to movement as the stimu- 
lator encountered the flexing fingers. The grasp reflex so 
elicited was studied before and after injection of 1% 
procaine around the ulnar and median nerves at the wrist, 
and in separate experiments small quantities of procaine 
were injected into the flexor muscles of the fingers them- 


c.s. 


eoeeeces COR 35 
---- COR 39 
eecee COR 40 


Fic. |.—The extent of ablation of the left frontal lobe in the 
four monkeys described in the text, charted from the necropsy 
specimens. Where the ablation was bilateral it was approximately 
symmetrical. In animals COR 34 and COR 35 the entire cortex 
in front of the precentral sulcus was removed, whereas in animals 
COR 39 and COR 40 the precentral gyrus remained. C-S. is the 
central sulcus. 


selves. Finger jerks, response to pin prick in the palm, 
effects of turning the head and neck, and spontaneous 
struggling movements could be recorded. 

About six weeks after the first operation, the procedure 
was repeated in the right side of the head and the grasp 
reflex studied in both hands. 
animals after frontal lobe lesions is to be reported at a 
later date. The extent of the ablations in the four 
animals discussed in this paper is shown in Fig. 1, and is 
drawn from the necropsy specimens which had _ been 
fixed in situ. 


Results 
Within one week of operation a grasp reflex was 
regularly elicitable from the palm contralateral to the 
cortical lesion and more facile avoiding responses 


from the homolateral, limbs (“‘transcortical release’). | 


When the animal was strapped into the experimental 
chair and its forearm fixed to the chair arm, a grasp 
reflex was still elicitable, though greater pressure of 
the moving object was now necessary to elicit the 
reflex every time. It was also necessary to see that 
the dorsum of the fingers and hand did not make 
contact with any part of the experimental chair, 
because tactile stimuli to the dorsum of the hand are 
powerful inhibitors of the grasp reflex. Neither the 
attaching of the fingers to a myograph through a 
light rubber band nor the insertion of a small co- 
axial electrode into the finger flexors had any signi- 
ficant effect on the grasp reflex. 

By slowly moving the stimulating object across 
the palm on to the fingers using moderate pressure, 
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Fig. 2.—(a) The two components of the grasp reflex in the right hand of an animal (COR 35) with ablation of the left frontal lobe including 
areas 6, 8, and the cingulate gyrus. Electromyogram from finger flexors and myograph attached to finger. Stimulus applied to palm at 
the arrow; and at the continuous line during stretching of the finger. Time above in 1 seconds; (b) ten minutes after procaine infiltration 
around the ulnar and median nerves at the wrist (a small stretch reflex only remains); (c) twenty minutes later neither grasp reflex nor 
stretch reflex; (d) the same, with head turned strongly to the right when a small stretch reflex can be elicited in the finger flexors; (e) forty- 


eight minutes after the procaine injections, the grasp reflex begins to return. 


a constant type of response in the finger flexors was 
invariably seen. Contact with the skin of the most 
proximal palm had at first no effect, but as the 
stimulus moved more distally rapid recruitment of 
small motor units was seen in the electromyogram 
and the fingers flexed slightly (Fig. 2a), particularly 
at the interphalangeal joints. They were in this 
State of partial flexion when the stimulus reached 
them and caused slight stretching of the finger flexors 
Producing an outburst of large action potentials in 


Voltage calibration in this and subsequent figures 100 jv. 


the electromyogram and closing of the fingers on to 
the object. In some animals tonic grasping lasted for 
several minutes even when the stimulus was removed 
from the grasp, but nevertheless the outburst of 
large action potentials usually ceased when the 
stimulus no longer stretched the finger flexors. In 
this way, the two components, first cutaneous then 
proprioceptive, which provide the adequate stimulus 
for the grasp reflex, are demonstrable. Their 
relationship to each other may be analysed by 
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Fic. 3. 
line, stretching of the fingers during the second continuous line. 


Electromyogram from another animal (COR 39) showing right grasp reflex. Palmar stimulus applied at beginning of first continuous 


(a) Before procaine; (b) six minutes after procaine infiltration around ulnar and median nerves at the wrist. A stretch reflex elicited only 


on extreme stretching of the fingers. 


injecting 1°% procaine around both the ulnar and 
median nerves at the wrist so as to block the purely 
palmar stimuli. 

Fig. 2b shows the state of affairs 10 minutes after 
procaine infiltration at the wrist. There is now no 
electromyographic response nor do the fingers flex 
when the object moves distally in the palm. Initially, 
stretch of the finger flexors has no effect but with 
greater stretch (as the stimulus reaches the middle 
and distal phalanges) a brief stretch reflex is seen. 
The fingers then exhibit a very mild resistance to 
passive stretch, but no grasping results from this 
proprioceptive stimulation. Twenty minutes later 
not even a small stretch reflex is elicitable (Fig. 2c), 
but if the head is turned strongly to the right (Fig. 2d) 
a little background activity is now seen in the electro- 
myogram and a small stretch reflex from the finger 
flexors, but no grasp reflex. Forty-eight minutes 
after the procaine injection, the grasp reflex begins 
to return (Fig. 2e) with the small finger flexion in 
response to the cutaneous stimulation and the final 
tetanic closing phase being associated with stretch- 
ing of the finger flexors. 

In another animal (Fig. 3a), which showed a well 
developed tonic grasp reflex, the injection of procaine 
around ulnar and median nerves at the palm led to 
complete disappearance of the grasp reflex within 
six minutes of injection (Fig. 3b) though a feeble 
stretch reflex (a single unit in the electromyogram) 
was still present. The animal could still (and often 


The record ends with a brief tetanic finger flexion of a spontaneous voluntary struggle by the animal. 


did) *‘voluntarily’’ and maximally flex the fingers, as 
is shown by the outburst of action potentials in the 
electromyogram at the end of the record shown in 
Fig. 3b. When the procainized hand had lost its 
grasp reflex it was still possible to obtain a grasp 
reflex in the foot of the same side. This would 
indicate that the effect of procaine injected at the 
wrist on the grasp reflex of the hand is indeed a local 
effect and not due to the systemic effects of procaine. 

In two of the monkeys a small strip of areas 6 and 
8 immediately adjoining area 4 was purposely spared. 
Both these animals exhibited grasp reflexes but the 
tonic closure of the fingers was briefer than in the 
animals with more complete lesions. Fig. 4a shows 
such an example. Rapid recruitment of motor units 
is shown in the electromyogram in response to the 
cutaneous stimulation, and stretching of the fingers 
produces a relatively brief tetanic outburst which 
persists only as long as the fingers are stretched. 
Seven minutes after injection of 1 °% procaine around 
ulnar and median nerves at the wrist (Fig. 4b) a very 
little finger flexion occurs in response to the stimulus 
in the palm, but there is a stretch reflex which persists 
only as long as the muscles are stretched. It was 
possible in this animal to note that an area of skin 
overlying the heads of the second, third, and fourth 
metacarpals was particularly active in conditioning 
the stretch response in the finger flexors and this 
was still present 11 minutes after the procaine 
injection (Fig. 4c). By the seventeenth minute a/ter 
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;. 4.—Animal with incomplete 
ablation of areas 6 and 8 (COR 
40) left grasp reflex. 

(a) Before procaine; large re- 
sponse to cutaneous stimulation, 








relatively litthe added to this by 
finger stretching; (b) seven minutes 
after procaine infiltration of ulnar 
and median nerves at the palm, no 
grasp reflex, a_ stretch reflex 
persists; (c) eleven minutes later. 
The skin over heads of second, 
third, and fourth metacarpals 
conditions an active stretch reflex 
in the finger flexors; (d) seventeen 
minutes later. No response to 
either cutaneous or proprioceptive 
stimuli. 

















injection of procaine both the grasp reflex and the 
stretch reflex had disappeared (Fig. 4d) and the skin 
of the palm now appeared to be quite anaesthetic, 
ie., the monkey did not respond to any form of 
finger or palmar stimulation. 

These experiments demonstrate that the grasp 
reflex in the monkey is triggered off by cutaneous 
stimuli which condition the finger flexors in such a 
way that when the stimulus stretches these muscles 
then grasping occurs. Stretching the muscles alone 
without the initial cutaneous component fails to 
elicit the grasp reflex, and, indeed, if the cutaneous 
component is completely abolished by procaine then 
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the stretch reflex of the finger flexors is absent. 

In one animal showing a grasp reflex after 
ablation of the frontal lobe, including areas 6, 8, and 
cingulate, at a subsequent operation several weeks 
later, the ulnar nerve was divided at the wrist and 
a week later the median nerve. After division of the 
ulnar nerve a grasp reflex was obtainable only by 
stimulating the median distribution of the palm, 
and the fifth finger did not take part in the reflex 
and the fourth only partly. After the additional 
division of the median nerve, a grasp reflex could not 
be elicited even by a combination of finger stretching 
and head turning. There was, however, mild 
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(a) 
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Fic. 5.—Cor 40 right hand (left areas 6 and 8 
spared). 

(a) The grasp reflex with little added to the 
cutaneous response by the proprioceptive 
stimulus; (b) two minutes after injection of 
0-2 ml. of 1% procaine into the flexor muscles 
of the fingers. Very feeble flexion in response 
to cutaneous stimulation. Nothing added 
by finger stretching; (c) eleven minutes later, 
finger flexion begins but a very brief stretch 
reflex does not complete the act of grasping 





(c) 








resistance to passive stretch of the fingers, i.e., mild 
spasticity. 

The response of a muscle to stretch depends not 
only on the excitability of its motoneurone pool 
but also on the sensitivity of its muscle spindles to 
stretch. Gamma motoneurones (fusi-motoneu- 
rones) in the spinal cord specifically innervate muscle 
spindles, and in this way their sensitivity can be con- 
trolled by the central nervous system. Stretch reflexes 
may be greatly exaggerated by the activity of gamma 
motor fibres, as for example, in decerebrate rigidity 
(Matthews and Rushworth, 1957a). It was thought 
possible that the cutaneous component of the 
adequate stimulus for the grasp reflex not only 
activated the motoneurone pool of the finger flexors 
causing partial finger flexion, but also activated the 
gamma motoneurones (fusi-motoneurones) of their 
muscle spindles, and thus conditioned the muscles to 
react tonically to stretching when the stimuli 
reached them. There is good evidence (Matthews 
and Rushworth, 1957b, 1958) that procaine tends to 
anaesthetize the gamma motor fibres of muscle 
spindles before either large motor fibres or large 
afferents and it was of interest therefore to observe 
the effects of injection of small quantities of procaine 


into the finger flexor muscles of monkeys after 
frontal lobe ablation. In every case the grasp 
reflex disappeared, usually within one minute of 
injection, and reappeared about 15 to 20 minutes 
later. Spontaneous movements by the animal 
during the period of absent grasp reflex were rare, 
but when they did occur they indicated, of course, 
that large motor fibres were still functional. Fig. 5a 
shows a grasp reflex in an animal which exhibited 
rather a short tonic grasping phase after the stimulus 
reached the fingers and stretched them. Two minutes 
after injection of 0-2 ml. procaine into the flexor 
muscles of the fingers (Fig. 5b), the fingers were very 
feebly flexed in response to the cutaneous stimulation 
and nothing was added to this by stretching the 
finger flexors. Eleven minutes after the procaine 
injection (Fig. 5c) a small finger flexion occurs in 
response to the cutaneous stimulus and a very small 
stretch reflex when the fingers are stretched. This is 
the type of “‘desensitized’’ stretch reflex one would 
expect to see if the gamma motor fibres to the 
spindles of the injected muscles had been blocked. 
The result indicates that most, if not all, the prelimin- 
ary closing reaction as well as the propriocep'ive 
component is mediated through the gamma syst-m. 
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6.—Two animals with frontal lobe 
ablations sparing areas 6 and 8. 

(a) COR 24. Heavy stimulus applied 
to palm at arrow. Very little recruit- 
ment of motor units, until stimulus 
reaches skin over metacarpal phalan- 
geal joints when suddenly fingers flex 
followed at once by extension and 
silence in the electromyogram; (b) 
COR 40. Pin prick to the palm 
(signal below) during some activity of 
the finger flexors, brief grasp followed 
by avoiding of the fingers, prolonged 
after the second stimulus. 





The poorly sustained tonic grasp of the animals 
with intact areas 6 and 8 is of some interest. It 
appears that excessive stretch on the fingers or 
excessive stimulus to the palm tends to inhibit 
grasping. In Fig. 6a a heavy stimulus was applied 
to the palm resulting in very little recruitment of 
motor units in the finger flexors and then suddenly 
a little flexion rapidly followed by extension of the 
fingers. Similarly in these animals pin prick to the 
palm caused a small finger flexion followed by 
extension, clearly seen if recordings were taken from 
the flexor muscles when there was some background 
activity (Fig. 6b). The usual response to pin prick 
in the palm of animals lacking completely areas 6 
and 8 is one of finger flexion only (a brief grasp). 
It appears, therefore, that the sparing of areas 6 and 
8 was responsible for the avoiding (extension) 
reactions in response to pin prick and heavy pressure. 
The avoiding reactions probably require the presence 
of areas 6, 8, and 24 for their full development 
(Denny-Brown, 1951). 


Discussion 

The grasp reflex after frontal lobe lesions in the 
monkey occurs as a result of a combination of 
cutaneous and proprioceptive stimulation. Of these, 
the cutaneous component is the essential initiator of 
the reflex and without this proprioceptive stimu- 
lation is ineffective. This is in complete agreement 
with the results of Seyffarth and Denny-Brown 
(1948) on the human grasp reflex. The opposite 
opinion of Bieber and Fulton (1938) that the grasp 
reflex in the monkey following frontal lobe lesions 
is a postural mechanism independent of cutaneous 








sensory influx is almost certainly due to the con- 
fusion between the “traction response’’ and the 
‘* grasp reflex’’. This may also account for the results 
of Walshe and Robertson (1933) and Walshe and 


Hunt (1936) for human grasping responses. Our 
own experiments clearly show that when palmar 
sensation is abolished in the monkey by either 
procaine infiltration at the wrist or by actual section 
of ulnar and median nerves, then the grasp reflex 
cannot be elicited. 

Palmar stimulation by a distally moving object 
causes some initial finger flexion (at interphalangeal 
joints particularly), but the long finger flexors are 
rendered hypersensitive to stretch so that when the 
stimulating object stretches them the fingers will 
close on it. This overactive stretch reflex is almost 
certainly due to activation of the gamma moto- 
neurones (fusi-motoneurones) which innervate the 
muscle spindles of the finger flexors causing their 
stretch receptors to become particularly sensitive. 
The local anaesthetic procaine, when placed around 
a muscular nerve, blocks gamma motor fibres in 
preference to either large motor fibres or large 
sensory fibres (Matthews and Rushworth, 1957b). 
The injection of very small quantities of procaine 
into the finger flexors rapidly abolished the grasp 
reflex, without necessarily having an effect on the 
power of contraction of those muscles. The integrity 
of gamma motor fibres to the muscle spindles of the 
finger flexors is shown to be necessary, not only for 
the final proprioceptive response of the grasp reflex, 
but also for the tactile facilitatory mechanism 
(closing phase) that prepares the finger flexors for 
stretch. The closing phase may thus be considered 
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a gamma response of which the facilitatory (sub- 
liminal) aspects are much wider than the small 
finger flexion. 

The grasp reflex may be demonstrated in cats with 
high spinal lesions (Denny-Brown, Rushworth, and 
Saenz-Arroyo, to be published) and its essential 
factors are therefore a spinal reflex employing simple 
segmental pathways. In the cat, also, section of ulnar 
and median nerves at the wrist abolishes the grasp 
reflex, but the digits now exhibit a mild resistance to 
stretch, i.e., they have become spastic (Denny- 
Brown, Twitchell, and Saenz-Arroyo, 1949). It 
appears that sensory influx from the fore-paw has a 
mixed inhibitory and excitatory effect on the 
motoneurone pool of the finger flexors; in the 
circumstances, when reflex grasping is prominent, 
the proprioceptive reflexes are depressed (or rather, 
dominated) by the cutaneous afferent system until 
a specific moving tactile stimulus triggers their 
release. It can be demonstrated experimentally that 
the reflex effects of median nerve stimulation at the 
wrist is, indeed, a complex mixture of inhibition and 
excitation on limb muscles with a tendency to 
produce extension of the forelimb (Denny-Brown 
and Liddell, 1928). 

In one monkey experiment when the ulnar and 
median nerves were separately sectioned at the wrist, 
the fingers at first showed no increased resistance to 
passive displacement until four or five days after the 
second operation when they exhibited very mild 
spasticity with increased finger jerks. An increased 
stretch reflex of the finger flexors was never seen 
after procaine infiltration at the wrist, and the 
question then arises as to this difference between 
the experiments with procaine and those with 
nerve section. In both respects, however, the out- 
come is complicated by the avoiding response 
which is difficult to eliminate entirely by cortical 
ablation, and has frequently been found to be the 
reason for the transitory failure of motor reactions 
after cortical ablations (Denny-Brown and 
Chambers, 1958). The avoiding response has a 
much wider reflexogenous area in the upper limb 
than the grasp response. The situation is less 
complex in the animal with hemisection of the spinal 
cord and is being further examined in this context. 
The excitatory properties of the cutaneous stimulus 
have already been described in detail, but we have 
not so far considered any inhibitory activity on the 
stretch reflex mechanism which could be arising 
distal to the wrist. Possibly proprioceptors near the 
joints of the digits may inhibit the stretch reflex of 
the finger flexors, and the large afferents of such 
sensory organs would be expected to be very 
resistant to procaine. Stretch reflexes then would 
not be released by procaine infiltration but would 
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be expected from total nerve section at the wrist. 
However, such a mechanism remains, at the mome t, 
purely speculative. 

The persistencé of avoiding reactions of the fin- 
gers (extension) in response to pin prick or excessive 
stretch in animals with lesions of the frontal lobe, 
but sparing areas 6 and 8, again confirms the 
importance of these areas in the avoiding reactions 
of normal animals or animals lacking parietal lobes 
(Denny-Brown, 1951; Denny-Brown and Chambers, 
1958). 


Summary 

A grasp reflex can be elicited in the contralateral 
hand after frontal lobe ablations (including cingulate 
gyrus and areas 6 and 8) in monkeys. 

The adequate stimulus for it is a distally moving 
object causing stimulation first of the palm and then 
of the fingers. 

Local anaesthesia of the palm with procaine 
abolishes the grasp reflex which cannot be elicited 
by proprioceptive stimulation alone (stretching of 
the fingers). 

The palmar cutaneous component of the stimulus 
conditions the finger flexors for the subsequent 
stretch stimulus. 

This conditioning results in partial finger flexion, 
especially at the interphalangeal joints (the closing 
phase), and also an increased stretch response of the 
muscles through activation of the gamma moto- 
neurones (fusi-motoneurones) to the muscle spindles. 

Nerve section at the wrist abolishes the grasp 
reflex but the fingers then show very mild spasticity. 

Sparing of areas 6 and 8 allows some persistence 
of avoiding reactions in the hand to pin prick and 
excessive finger stretch and the grasp reflex is 
relatively poorly maintained. 

One of us (G.R.) expresses his appreciation of a 
research travel grant from the Wellcome Trust and the 
National Spastics Society which made this work possible. 
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CONGENITAL HYDROCEPHALUS WITH 
DEFECTIVE DEVELOPMENT OF THE CEREBELLAR VERMIS 
(DANDY-WALKER SYNDROME) 


Clinical and Anatomical Findings in Two Cases 
with Particular Reference to the So-called Atresia of the Foramina of 
Magendie and Luschka 


BY 


A. BRODAL and E. HAUGLIE-HANSSEN 


From the Anatomical Institute and the Neurological Clinic, University of Oslo, Norway 


Several reports of malformations affecting only or 
chiefly the cerebellar vermis can be found in the 
literature. As a rule the vermis has not been fully 
developed, particularly its posterior part, and it is a 
striking feature that this defect has usually been 
combined with internal hydrocephalus. It appears 
from the descriptions given in the literature that 
these cases have been remarkably similar in their 
pathology as well as in their clinical manifestations 
and course. We have been able to record altogether 
30 human cases, namely those of Fusari (1891-92), 
Rossi (1891 and 1892, two cases), Woskressenski 
(1911), Dandy and Blackfan (1914), Dandy (1921, 
two cases), Lyssenkow (1931), Pines and Sura- 
baschwili (1932), Castrill6n (1933), Scarff (1933), 
Sahs (1941), Cohen (1942), Taggart and Walker 
(1942, three cases), Shryock and Alexander (1943), 
Walker (1944), Brodal (1945), Sidenberg, Kessler, 
and Wolpaw (1946), Coleman and Troland (1948, 
two cases), Schwarzkopf (1950), Benda (1954, three 
cases), Maloney (1954, two cases), Gibson (1955, 
two cases). Similar malformations have been 
reported in animals by Lesbre and Forgeot (1905, 
calf), Bertrand, Medynski, and Salles (1936, dog), 
Dow (1940, two cases in dogs), Verhaart (1942, cat), 
Brodal, Bonnevie, and Harkmark (1944), and 
Bonnevie and Brodal (1946, in a strain of mice). 

In spite of the similarity of the findings in these 
cases we disagree with regard to the mechanism 
underlying the development of the anomalies, which 
by some is held to be a congenital atresia of the 
foramina of Magendie and Luschka. This problem 
will be discussed in the present paper with reference 
to the findings in two cases together with obser- 
vations made in a strain of mice presenting a 
hereditary type of the same malformation (Brodal 
and others, 1944; Bonnevie and Brodal, 1946). 


Case Reports 


Case 1.—A.B.G. A girl aged 4 years, was born on 
September 24, 1945, and died on September 12, 1949. 
(R.H. 861/49, O. 224/49, H.1. 14/49.) 


History.—The patient was born five weeks prematurely, 
and weighed 2,000 g. at birth. The delivery was un- 
eventful. Growth was slow until she was 6 months old, 
but since then her development has been in all respects 
satisfactory. 

During the six months before admission her mother 
had noticed that the child had occasional fits, in which 
peculiar movements of the eyes, staring gaze, and dilated 
pupils were associated with absent-mindedness, though 
she replied when spoken to. 

Since July 8, 1949, she complained of headache and 
abdominal pain, usually accompanied by nausea and 
vomiting. After July 20 she became drowsy and re- 
sponded poorly when spoken to. Her gait grew unsteady; 
twice there had been signs of diplopia. From July 17, 
she had increasingly frequent seizures, up to nine in 24 
hours, each lasting for two or three minutes. During 
these she displayed opisthotonus with extension of the 
legs and flexion of the arms which showed rhythmic, 
jerking movements. She appeared to be unconscious 
during these seizures, which were regularly followed by 
sleep. 


Clinical Examination.—On admission to the Neuro- 
logical University Clinic, Oslo (July 26, 1949), the 
patient was drowsy and unresponsive. Her head was 
retracted and tilted to the left. The head circumference 
was 51 cm. (average for her age 49 cm.). The frontal 
and parietal tubera were large. Body weight was 12 kg., 
height 122 cm. 

There was bilateral papilloedema and swelling of the 
optic discs of 4 and 3 diopters. There were no ataxia or 
spontaneous movements, no involuntary movements, 
but slight muscular hypotonia. Kernig and Brudzinski 
signs were positive. Tendon reflexes were weak but 
symmetrical, except for the patellar reflexes which were 
both absent. Abdominal and plantar reflexes were 
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normal. A general examination, including laboratory 
tests of blood and urine, gave normal results. The 
Wassermann test was negative in blood. A radiograph 
of the skull showed wide coronal sutures. 

Since a medulloblastoma of the cerebellum was 
suspected, the patient was given daily x-ray treatment 
starting on July 28. On September 6 ventriculography 
was done and 250 ml. of cerebrospinal fluid was removed, 
which had a normal content of cells, protein, and 
glucose. The ventriculograms showed enormously 
dilated lateral ventricles (Fig. 1), a large third ventricle, 
and a markedly dilated aqueduct of Sylvius. The con- 
tours of the fourth ventricle could not be made out, but 
there was a large air-filled space under the elevated 
tentorium cerebelli, suggesting a defect in the cerebellum. 

After ventriculography she deteriorated, her tempera- 
ture rose, and on the sixth post-operative day reached 
41:3° C. She died the same afternoon. 

Anatomical Investigation Necropsy was performed 
by Dr. J. Cammermeyer. Patholcgical findings were 
confined to the brain. ‘ 

The leptomeninges appeared to be somewhat thickened. 
The cerebellar hemispheres were separated by what 
appeared to be an enormously enlarged fourth ventricle 
covered by a membrane uniting the cerebellar hemi- 
spheres. The brain, including the cerebellum, weighed 
900 g. After fixation in formalin it was sent to the 


Anatomical Institute for further examination. 

The cerebral hemispheres appear grossly normal except 
for some flattening of the convolutions and ventriculo- 
stomy wounds in both occipital lobes. The floor of the 
third ventricle bulges considerably. 


Coronal sections reveal severe internal hydrocephalus 
(Fig. 2) most marked on the left. The third ventricle is 
abnormally wide, the interventricular foramina of 
Monro and the aqueduct are dilated, the thalamus 
and basal ganglia are displaced laterally and appear 
flattened and somewhat reduced in size. 

The thickness of the cerebral cortex is reduced through- 
out, the corpus callosum has a maximal thickness of 
2:5 mm. and the anterior, posterior, and habenular com- 
missures appear as cords. 

From the posterior aspect (Fig. 3a and b), the two 
cerebellar hemispheres are separated by a wide cleft 
bridged by a thin ruptured membrane (Fig. 3a). 
Anteriorly the membrane bears a tongue-like structure, 
consisting of some transversely running cerebellar folia. 

Retraction of the two halves of the membrane exposes 
the floor of the fourth ventricle (Fig. 3b). Posteriorly no 
trace of a vermis is seen, but anteriorly it is represented 
by an unpaired prominence (x in Fig. 3b), convex in 
the rostro-caudal as well as the lateral direction but 
having a small transverse furrow (y in Fig. 3b). The 
under surface of this prominence can be followed rostrally 
to the caudal opening of the aqueduct, while its upper 
surface is covered with cerebellar folia. The most posterior 
of these form the tongue-like mass of folia which can be 
seen from the outside (V in Figs. 3a and b). These 
relationships become clearer after the cerebellum and 
brain-stem have been cut mid-sagittally (Fig. 4). Upon 
careful dissection, the folia of the preserved anterior part 
of the vermis can be identified by their connexions with 
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parts of the hemispheres (see below). Extending fi »m 
the anterior part of the vermis is a thin anterior medul! iry 
velum which is attached to the brachia conjunctiva. 

The ventricular surface of the vermis (x) is separ: ‘ed 
on each side by a shallow sagittal sulcus from a smo: th, 
somewhat smaller prominence facing medially (z in F gs, 
3b and 4) which macroscopically belongs to the hemni- 
sphere. This smooth prominence fuses ventrally with a 
bulging produced by the brachium conjunctivum (Be in 
Fig. 4), posteriorly it extends onto the medial surface of 
the hemisphere. The hemispheres are smaller than 
normally, but all lobules can be identified. The upper 
surface of the cerebellum is more anterior than normally, 
and the vermis overlies the superior colliculi. 

The membrane covering the fourth ventricle is thin, 
more or less translucent, and contains fine vessels. It 
appears to be attached to the cerebellum along a laterally 
curved line which passes approximately in a rosiro- 
caudal direction on the dorsal (posterior) surface of each 
hemisphere (Figs. 3a and b and 5). When followed ina 
rostral direction, the line of attachment bends medially 
and ultimately reaches the tongue-like extension of 
cerebellar folia. Caudally the line of attachment also 
bends medially to the medial surface of the hemispheres, 
to reach the flocculus (Figs. 3b and 5), below which its 
most anterior point is found. Here a foramen of Luschka 
is present on each side, through which a tuft of 
the choroid plexus (Figs. 5a and b) protrudes. From the 
region of the foramen of Luschka the attachment of the 
membrane passes just inferior to the flocculus in a medial 
direction, reaches the lateral border of the medulla 
oblongata and follows this caudo-medially to meet its 
fellow from the other side in the midline caudal to the 
fourth ventricle. This line of attachment of the membrane 
is somewhat more lateral on the surface of the medulla 
than the taenia of the fourth ventricle in a normal brain. 

On the ventral surface of the caudal part of the 
membrane, which extends across the cleft between the 
two cerebellar hemispheres, several distinct ridges of a 
choroid plexus are seen on both sides, coursing in a 
longitudinal direction (Fig. 6). From the caudal end of 
the lateralmost of these ridges a well developed strand of 
choroid plexus extends anteriorly, a few millimetres 
medial to the line of attachment of the membrane to the 
cerebellar hemispheres. The most anterior part of this 
plexus protrudes through the foramen of Luschka on 
both sides (Fig. 5a and b). 

The pons and medulla oblongata show only minor 
changes. The medulla is transversely flattened but all 
normal structures can be identified. The pons is some- 
what flattened, but is otherwise normal. In the mesen- 
cephalon the cerebral peduncles appear small, and the 
aqueduct is dilated. The cranial nerves are all present 
and appear normal. 

Microscopical Investigation.—Pieces were removed for 
histological study from the membrane covering the 
fourth ventricle and from its line of attachment to 
the cerebellum and stained with haematoxylin-eosin. The 
left half of the cerebellum and the entire medulla 
oblongata and pons were embedded in paraffin «nd 
sectioned serially in the transverse plane. The right half 
of the cerebellum was cut in serial sections in the sagi'tal 
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Fic. 1.—Case 1: Ventriculogram showing dilatation of lateral and 
third ventricles and a large collection of air in the posterior 
cranial fossa below an elevated tentorium. 


2.—Case |: The posterior part of the cerebral hemispheres seen 
from the anterior aspect following a transverse section at the 
plane of the mammillary bodies. The corpus callosum is reduced 
in thickness. The posterior and the habenular commissures 
extend across the dilated third ventricle. 


3.—Case 1: The cerebellum seen from behind, showing in (a) the 
ruptured membranous covering of the fourth ventricle. The 
line of attachment of the membrane on the left cerebellar hemi- 
sphere is indicated by arrows. In (b) the membrane is pulled 
aside to expose the fourth ventricle. In the midline is seen the 
ventricular surface (x) of the anterior part of the vermis. V: 
posterior part of vermis. To: tonsilla. z and y: see text. 


i. 4.—Case 1: The right half of the cerebellum and brain-stem. 
The upper part of the membrane is kept raised by means of a 
pin to expose the smooth ventricular surface of the cerebellum 
with its prominences (z and Bc) described in the text. F.p.: 
primary fissure. To.: Tonsilla. y: Sulcus corresponding to the 
fastigium. 





Fic. 5.—Case |: (a) Anterior view of the cerebellum and brain-stem 
to show the relations of the membrane and the patent foramina 
of Luschka. The line of attachment of the membrane on the 
left is shown by arrows. Pins are placed in the foramina of 
Luschka. FIl.: Flocculus. Pl.: Choroid plexus. (b){Enlarged view 
of the area outlined in (a) showing the choroid plexus (PI.) 
protruding through the right foramen of Luschka. 





6.—Case 1: The posterior part of the translucent membrane 
drawn backwards (cf. Fig. 3b) to expose its inner surface with 
the ridges of choroid plexus (PI.). 


7.—Case |: Sagittal section through the vermis of the cerebellum. 
The folia and lobules of the anterior lobe in front of the primary 
fissure (F.p.), and the folium-declive-tuber (Fdt.) have an 
approximately normal configuration. The pyramis (Py.) and 
particularly the uvula (U) are elongated in the sagittal plane 
and not subdivided in their peripheral portions as usual. The 
nodulus (N) is flattened and extends as fragments of cerebellar 
tissue on the outer surface of the membrane. The eversion of 
the vermis leaves a faint groove only, indicating the fastigium 
(F), corresponding to the sulcus y in Fig. 4. 
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jane. Every tenth section was mounted and stained 

ith cresyl violet. 

Microscopically the membrane covering the fourth 

ntricle is covered by ependyma on its ventricular 

irface and by loose connective tissue with small vessels 

n its outer surface. The ependymal cells are in places 

boidal, elsewhere flattened. Occasionally small tufts 

connective tissue covered by ependyma protrude on 

.¢ inner surface of the membrane. From the line where 

e membrane is attached to the cerebellar hemispheres 

ig. 3a and b) the ependymal lining of the membrane 

ontinues in a ventral direction and covers the medial 
irface of the cerebellar hemisphere, but is separated 
om this by a thin layer of connective tissue, which can 

e followed ventrally to the region where the folia of the 

emisphere disappear. The outer, connective tissue 

.yer of the membrane is continuous with the pial cover- 
ing of the cerebellum. 

The choroid plexus appears normal except that its 
arborizations are fewer and more slender than normal. 

Study of the sagittal series of sections through the right 
half of the cerebellum establishes that all lobules of the 
vermis are present. But, while the lobules of the anterior 
lobe appear to be normally developed, those of the 
posterior lobe are more or less reduced in size (Fig. 7) 
and are abnormal in shape. In particular the nodulus is 
very irregular and flattened; in part it is stretched out on 
the outer surface of the membrane (Fig. 7). The fastigium 
is very faintly marked (F in Fig. 7) and corresponds to 
the fissure y seen on gross examination (Fig. 3b). The 
flattening of the ventral surface of the vermis is due to 
the elevation of the posterior part of the cerebellum above 
the floor of the fourth ventricle. 

The cortex of the cerebellum is of normal structure 
apart from some minor aberrations in the malformed 
nodulus. On the ventricular surface the ependyma in 
some places shows the picture of “granular ependy- 
mitis”’. 

The intracerebellar nuclei when studied in serial 
sections show some irregularities. The dentate nucleus is 
situated closely beneath the ependyma, underneath the 
prominence labelled z in Fig. 3b. Its regular band is not 
everywhere clearly outlined, and medially its band-like 
structure is lost. The medialmost cell aggregates of the 
intracerebellar nuclei may represent part of the dentate 
nucleus, but may also be rudimentary parts of the fasti- 
gial, globose, and emboliform nuclei which cannot be 
identified. 

Histological sections through the pons and medulla 
show no substantial abnormality. The inferior olive, 
studied in detail, showed a possible reduction in size of 
the rostral part of the medial accessory olive. 


Case 2.—R.S., a girl aged 7? years, was born on 
October 12, 1942, and died on August 31, 1950. (R.H. 
556/50, O. 208/50, H.I. 7/50.) 


History.—The child had been in good health and 
developed normally until February, 1950, when she 
began to complain of pains and stiffness in her neck and 
had a fit during which her body grew stiff and her gaze 
was staring. There were no convulsions. During the 
following three weeks she had moderate fever. In April 





Fig. 8.—Case 2: Ventriculogram showing essentially the same features 
as in Case 1 (see Fig. 1). 


the same symptoms recurred but again disappeared after 
some weeks. In July she again had two fits with stiffness 
of the body and extension of fore- and hindlimbs without 
loss of consciousness. She was admitted to the Paediatric 
University Clinic on July 15, from which she was trans- 
ferred on July 31 to the Neurosurgical Division of the 
Neurological University Clinic. 


Clinical Examination.—On admission the girl com- 
plained of headache, and particularly of pain in the neck 
on movements of her head. The neck was stiff and a 
“cracked pot” note was heard on percussion of the head. 
Both optic discs were choked with engorged veins, 
protruding some 4 diopters. There was paresis of the 
right abducent nerve, and signs of affection of both 
oculomotor nerves. There was general muscular weak- 
ness and atrophy with some spasticity in the legs, and 
signs of cerebellar ataxia. The tendon reflexes in the legs 
were very brisk, the abdominal reflexes weak and the 
plantar reflexes inverted. Laboratory tests of urine and 
blood were normal apart from an increased blood 
sedimentation rate. A chronic otitis was found on the 
right. 

At ventriculography 200 ml. of cerebrospinal fluid was 
removed. Its protein content was normal but glucose 
and cells were slightly raised. The ventriculogram (Fig. 8) 
showed great dilatation of the lateral and third ventricles. 
In the posterior fossa below a markedly elevated ten- 
torium was a large air-filled space. The cranial sutures 
were widened. 

After ventriculography cerebrospinal fluid leaked 
through the left burr hole, and on the second post- 
operative day her temperature rose suddenly. In spite 
of treatment with aureomycin and penicillin her condition 
continued to deteriorate until she died 13 days later. 


Anatomical Investigation.—Necropsy was performed 
by Dr. J. Cammermeyer. Apart from the brain no 
pathological alterations of significance were noted. The 
weight of the brain was 1,050 g. After fixation in for- 
malin the brain was referred to the Anatomical Institute 
for further study. 

On gross examination the leptomeninges over the 
base of the brain and medulla are covered with pus, 













Fig. 9.—Case 2: Posterior view of the cerebellum with the enlarged 
fourth ventricle and the under surface of the vermis (V). Parts of 
the membrane, drawn aside, are visible, as well as its line of 
attachment. The entrance to the rostral sac-like evagination 
of the membrane is indicated by an arrow. 


thickened and their vessels prominent. On transection 
of the cerebral hemispheres the lateral and third ventricles 
are considerably enlarged, although less than in Case 1. 
The commissures and the massa intermedia are elongated 
transversely. The aqueduct is dilated rostral to the 
inferior colliculus where it is narrowed. Otherwise the 
appearances of the cerebrum are as in Case I. 

The cerebellar hemispheres are driven apart, and 
connected rostrally only by what appears to be a reduced 
vermis (Fig. 9). The right hemisphere is a little smaller 
than the left, particularly in the region of the tonsil, 
which on the right shows indistinct foliations. The 
pathological alterations are otherwise in_ principle 
similar to these described in Case 1. The two cerebellar 
hemispheres are caudally connected by a membrane 
which is considerably thicker and more vascular than 
that in Case 1. Its torn ends can be brought together, 
and there can be no doubt that the membrane has 
originally covered the fourth ventricle. Its line of attach- 
ment to the hemispheres is approximately as in Case 1. 
However, from the right rostrolateral part of the mem- 
brane, caudal to its attachment to the vermis rudiment, 
a sac-like evagination extends in a rostral direction to 
the under surface of the corpus callosum. Above this 
evagination a vermis of reduced size connects the two 
cerebellar hemispheres. On the inner surface of the 
caudal part of the membrane is a somewhat under- 
developed choroid plexus. On account of the thickening 
of the membrane and meninges the foramina of Luschka 
cannot be identified. 


Microscopical Examination.—This shows heavy infil- 
tration of the leptomeninges, chiefly with polymor- 
phonuclear and some mononuclear leucocytes. There is 
some perivascular cuffing of the pial arteries. In the right 
cerebellar hemisphere a well circumscribed abscess is 
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found, measuring 2 x | x I cm. It is surrounded b: a 
marginal zone of leucocytes and “foam cells’. 1 ie 
abscess destroys part of the dentate nucleus in addit: on 
to white matter. Sagittal sections through the veri ji 
show that all lobules are present, but as in Case 1 th: se 
of the posterior vermis are underdeveloped and abnorm ul. 
In sections through the pons and medulla oblongata he 
configuration of the major nuclei and tracts appear 
largely normal. A detailed study of the particular tracts 
and nuclei was not made. 
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The chief anatomical findings in these two cases 
may be summarized as follows: The entire veniri- 
cular system is considerably dilated. The tentorium 
cerebelli is elevated. The cerebellar hemispheres are 
separated caudally by a broadened fourth ventricle; 
rostrally they are connected by a vermis, which is 
somewhat everted and displaced rostrally. The 
vermis of the anterior lobe is normal, while pos- 
teriorly the vermis is underdeveloped. While all the 
usual lobules can be identified, the uvula and 
particularly the nodulus are smaller than normal and 
also have an abnormal configuration. 

The caudal part of the roof of the fourth ventricle 
is formed by a thin membrane of connective tissue 
(pia mater) covered on its inner surface by ependyma. 
Its line of attachment to the brain-stem corresponds 
to that of the normal tela chorioidea, while its 
attachment to the cerebellum on macroscopical 
examination is found on the dorso-medial surface of 
the hemispheres. On microscopical examination, 
however, the ependyma on the inner surface of the 
membrane continues on the medial aspect of the 
hemispheres to the region where these join the vermis, 
but is separated from the cerebellar hemispheres by 
a layer of connective tissue. This is continuous with 
the pia on the dorsal aspect of the hemispheres and 
with the connective tissue on the outer surface of 
the membrane. In the caudal part of the membrane 
a plexus chorioideus is present, but it is smaller and 
less branched than normal. In Case | the foramina 
of Luschka are patent,’ but the foramen of Magendie 
cannot be identified. In Case 2, in which there is 
severe leptomeningitis and an abscess in the right 
cerebellar hemisphere, none of the foramina can be 
found. 


Discussion 


The pathological changes in the brains in our two 
cases betray striking similarities to those found in 
most cases described in the literature. The chief 
common features have been a generalized hydro- 
cephalus, an underdevelopment of the cerebellar 
vermis, particularly of its posterior parts, and 
anomalies in the roof of the dilated fourth ventricle, 
which has been covered by a thin membrane of a 
much larger size than the normal posterior me«ul- 
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ry velum and the tela chorioidea. But certain 

riations in the intensity of the changes have been 

ted in the cases described. Thus the degree of 
ncomitant alterations in the cerebellar hemis- 

‘eres as well as the anomalies in the vermis have 

ried. According to some reports the vermis has 

en entirely absent, but in some of these it can be 

on from the illustrations that a reduced vermis has, 

vertheless, been present. In spite of these and 

her variations there can be no doubt that all these 

ses represent one type of developmental distur- 
i ince. Since little information of value can be 
. 1ined from an analysis of the presumably secondary 
c.ianges in other parts of the brain, for example, the 
nuclei of the brain-stem, these changes will not be 
discussed. Nor is analysis of the clinical features of 
importance. 

Several attempts have been made to explain the 
developmental disturbances which produce this type 
of malformation. In recent years most authors have 
regarded atresia of the foramina in the roof of the 
fourth ventricle as the primary defect (Dandy and 
Blackfan, 1914; Taggart and Walker, 1942; Walker, 
1944; Coleman and Troland, 1948; Maloney, 1954; 
Gibson, 1955, and others). This atresia is assumed 
to give rise to a hydrocephalus which in turn is 
responsible for the anomalous development of the 
vermis. However, for reasons which will be given 
below, it is here concluded that a retardation or 
failure of development of these foramina is not an 
essential factor in the production of the anomalies. 

The extensive studies of Larsell (see Jansen and 
Brodal, 1954, 1958) have shown that in all mammals 
the cerebellum develops principally in the same way. 
The cell material destined to form the cerebellum 
migrates from the lateral margin of the rhomben- 
cephalon along the two cerebellar commissures 
which both pass in the thin cerebellar plate, the 
caudal part of which is continuous with what later 
becomes the roof of the fourth ventricle. Dow (1940) 
suggested that the defective development of the ver- 
mis in his dogs and in other similar cases might be 
due to some (unknown) factor which had prevented 
completion of the cerebellar commissures. This 
factor might well be a hydrocephalus arising at an 
early foetal stage (Brodal and others, 1944; Brodal, 
1945) since this would produce an extension of the 
cerebellar plate and impede the cellular migration. 
Conceivably this might easily be followed by aberra- 
tions and distortions in the pattern of the medial 
parts of the cerebellum and, in more advanced stages, 
also of the hemispheres. In agreement with this 
hypothesis in all cases reported the vermis of the 
anterior lobe has been less affected than that of the 
posterior lobe, since the migration towards the mid- 
line begins rostrally and is completed latest caudally 
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(see, for example, Hochstetter’s Figs. 103 to 107). A 
failure of the foramina of Magendie and Luschka to 
develop might in this way be assumed to be the 
primary cause of the pathological changes. 

That another explanation is far more likely 
appears, however, when a comparison is made with 
the findings in a strain of hydrocephalic mice with 
defective development of the cerebellar vermis 
(Brodal and others, 1944). In these mice, as in the 
human cases, the vermis of the anterior lobe was 
always less affected than the posterior vermis, and 
the posterior part of the fourth ventricle was covered 
by a membrane, consisting on its inner side of 
ependyma, on its outer side of connective tissue 
continuous with the pia. The membrane was 
attached to the brain-stem along the normal lines 
of attachment of the roof of the fourth ventricle. 

Of the mice belonging to this strain only a certain 
number develop the anomalies under discussion 
which are due to a monohybrid recessive gene 
(Bonnevie, 1943)!. In a study of the development of 
the anomaly in foetal mice (Bonnevie and Brodal, 
1946) various stages could be analysed. In embryos 
younger than the beginning of the eleventh day, no 
anomalies have ever been seen (Bonnevie, 1944). 
However, on the twelfth day a striking difference 
between normal and abnormal embryos appears. 
This difference concerns the area membranacea 
anterior of Weed (1917), which is a transitory 
transparent oval region in the roof of the fourth 
ventricle immediately caudal to the cerebellar An/age. 
It is covered by extremely flattened ependymal cells 
and situated closely beneath the epidermis. Caudal 
to the area anterior the choroid plexus develops, the 
first signs of its development being seen on the 
eleventh day in normal embryos. In the course of 
the following two days the area anterior normally 
disappears and becomes incorporated into the plexus. 
At the same time an area membranacea posterior 
appears caudal to the developing choroid plexus, 
marking the beginning of the future “ foramen ”’ of 
Magendie?. In the abnormal mouse embryos, how- 
ever, the area anterior is not incorporated into the 
plexus but persists. It is even enlarged and can be 
seen to bulge outwards, apparently on account of an 
increased intraventricular pressure. The whole roof 
of the fourth ventricle is extended, the median part 
of the choroid plexus is displaced caudally, separated 
from the cerebellum by the persisting area anterior, 
and the cerebellar plate is also changed. Its median 
thin part is thinner and broader than normal. 
During the following days the attenuation of the 





‘It is interesting in this connexion that two of Benda’s (1954) cases 
were sisters. 

*In the mouse embryos the “‘foramina’’ of Magendie and Luschka 
on all stages appear as continuous, though very thin membranes. 





106 


cerebellar plate continues. It affects chiefly its 
median part and is most marked caudally. The 
formation of the normal vermis is disturbed to a 
varying extent according to the degree of distension 
of the roof of the fourth ventricle. The findings 
thus confirm the hypothesis mentioned above (for 
particulars see Bonnevie and Brodal, 1946). 

With reference to the findings in human cases it is 
important that in the abnormal mouse brains the 
hydrocephalic dilation of the ventricles sets in before 
any “ foramina’? of Luschka and Magendie are 
formed and at a stage of development where the 
median part of the cerebellar plate is still thin, 
particularly in its caudal third where it has a thick- 
ness of a few cell layers only. In man, according to 
the extensive investigations of Hochstetter (1929), 
the foramen of Luschka appears at a foetal stage © 
195 mm. crown-rump. The appearance of the fora- 
men of Magendie could not be definitely established, 
but in an embryo of 125 mm. crown-rump Hoch- 
stetter found it not developed. Although the term 
** area membranacea anterior ’’ (Weed) is not used 
by Hochstetter (1929), this area is described and 
clearly seen in his illustrations, and, just as in the 
mice, is gradually reduced in size (see, for example, 
his Figs. 113, 114, 121, 146, 210 to 215). Ata stage 
of 68 mm. crown-rump it can still be recognized 
(Hochstetter’s Fig. 215, Pl. 31), but at the 100 mm. 
stage it has disappeared, and the choroid plexus is 
found immediately caudal to the nodulus (Hoch- 
stetter’s Figs. 216 to 219, Pl. 31). The normal develop- 
ment in this region in man thus appears to be in all 
essentials similar to that in the mouse. With regard 
to the question concerning us here, the time of fusion 
of the paired Anlages of the cerebellum is of impor- 
tance. According to Hochstetter (1929), this fusion 
occurs at the stage of 40 to 45 mm. crown-rump. 
The last part of the cerebellar plate to fuse is the 
nodulus, which lags considerably behind and at a 
stage of 120 mm. crown-rump is still a paired 
structure (Larsell, 1947). 

From these data it is seen that in man the fusion 
of the two cerebellar Anlages is completed far in 
advance of the appearance of the foramina of the 
fourth ventricle. A pathological dilatation of the 
fourth ventricle, occurring as a consequence of a 
failure of development of the foramina, would 
therefore scarcely produce marked changes in the 
cerebellar vermis, which, by the time of the formation 
of the foramina, shows all its principal subdivisions 
(see Jansen and Brodal, 1958). If a pathological 
dilatation occurs at an earlier stage, however, namely 
when the “‘area membranacea anterior”’ still persists, 
i.e., before approximately the 100 mm. crown-rump 
stage, it would probably have a profound effect on 
the development of the vermis. The splitting of the 
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vermis in two more or less symmetrical halves which 
has been observed (Brodal, 1945) corresponds to the 
findings made in the mice and indicates that the 
distension of the roof has occurred at a very early 
stage. The fact that the nodulus in some cises 
(Sahs, 1941; Gibson, 1955), as in our own, or even 
the nodulus and uvula (Brodal, 1945), is represented 
by cerebellar tissue covering the rostral part of the 
membrane (see Fig. 7) also points to a disturbance 
occurring before the formation of the nodulus is 
completed. Another finding of relevance is the caudal 
position and rudimentary development of the median 
part of the choroid plexus of the fourth ventricle in 
our cases. In Sahs’ (1941) case and in Gibson's 
(1955) case | this part of the plexus was absent, like- 
wise in Castrill6n’s (1933). While such aberrations 
might easily be explained by a persistence of the 
“area anterior’’, since the plexus develops caudal to 
this, it is difficult to see any causal relationship 
between this feature and the lack of development 
of the foramen of Magendie. 

The above analysis leads us to conclude that the 
anomalies in the cerebellum and the roof of the 
fourth ventricle in human cases of the type under 
discussion arise at a foetal stage considerably 
earlier than the formation of the foramina of 
Magendie and Luschka, and are due to an increased 
intraventricular pressure, the reasons of which re- 
main unknown®. The mechanisms at work appear 
to be essentially similar to those operating in the 
hydrocephalic mice. If so, the causal role of a pos- 
sible atresia of the foramina of the fourth ventricle 
appears questionable. Certain observations may be 
mentioned which collectively cast doubt on the 
generally accepted assumption that the type of mal- 
formation under discussion is due to an atresia of 
the foramina of Magendie and Luschka. 

It is now generally agreed that these foramina are 
not artefacts (Dandy, 1921; Alexander, 1931; Barr, 
1948; and others), but normal brains have been 
found in which the foramen of Magendie (Key and 
Retzius, 1875) or one or both foramina of Luschka 
(Alexander, 1931; and others) were lacking. 
Apparently fluid can escape from the ventricular 
system to the subarachnoid space without such 
foramina, presumably through the thin roof of the 
fourth ventricle. On the other hand, in our Case | 
as well as in some others (Castrill6n, 1933; Gibson, 
1955, Case 2) one or more of the foramina have 





*Bonnevie (1944) has been able to trace the first signs o! an 
anomalous development in the hydrocephalic mice to the blastocyst 
stage. They first become manifest in the foetal coverings. 


‘The recent studies by means of radioactive isotopes on the ‘cit- 
culation” of the cerebrospinal fluid make clear that this problem 1s 
far more complex than hitherto believed. Other mechanisms ‘han 
passage through the roof of the fourth ventricle may well be at ork 
in hydrocephalic brains. 











cv 


> & Cee a OUTS. CUE 


asa = 


ka 


lar 
ich 
the 
e | 
on, 
ave 


> an 
cyst 


‘cir- 
n is 
han 
ork 































(GR nae PI TOE 






ATR, 




















b en patent in spite of dilatation of the ventricles 
a» | an anomalous development of the vermis. 
B xda (1954) as well as Walker, according to Benda, 
o| erved cases of this malformation in which the 
fc amina were judged to be patent, since dyes passed 
in ) the spinal subarachnoid space. Clarke and 
|. dlaw (1958) report a case which was diagnosed 
a  .nexample of atresia of the foramina of Magendie 
a | Luschka, in which filling of the ventricular 
s\.tem, including a dilated fourth ventricle, was 
acnieved by air encephalography via the lumbar 
rcite. Such observations support the contention that 
atresia of the foramina of Magendie and Luschka 
is not the primary factor responsible for the develop- 
ment of the anomalies in the brain in these cases.® 
Furthermore, it appears reasonable that atresia 
cannot be solely responsible for the clinical 
symptoms, even if it may be a contributing factor, 
for many of the patients suffering from so-called 
atresia of the foramina cf Magendie and Luschka 
have led a fairly normal life for many years. Thus 
our cases were 4 and 8 years respectively, Brodal’s 
(1945) 11 years, Maloney’s (1954) 6 and 13 years, 
Gibson’s (1955) 12 and 13 years, Coleman and 
Troland’s (1948) Case 2, 17 years, Sahs’ (1941) 16 


’ years, Walker’s (1944) 20 years, Clarke and Laidlaw’s 


(1958) 36 years, and Castrill6n’s (1933) almost 60 
years. In most cases the clinical disturbances have 
been signs of increased intracranial pressure, and 
occasionally symptoms have been intermittent. It 
seems likely that patients with this anomaly are 
prone, sooner or later, to encounter difficulties in the 
escape of cerebrospinal fluid from the ventricular 
system, but in most the reasons for this remain 
obscure. In some cases a slight “serous’’ meningitis 
might have been responsible, in others physical 
exertions seem to have provoked acute symptoms. 
Itis conceivable that a meningeal infection or oedema 
might endanger a cerebrospinal fluid circulation 
which is already impaired by occluded foramina of 
the fourth ventricle, but no entirely satisfactory 
explanation can at present be given of the curious 
fact that patients affected with this anomaly may live 
for years without signs of increased intracranial 
pressure. 

Some favourable results of operative intervention 
in cases like those described here have been reported 
(Sahs, 1941; Cohen, 1942; Walker, 1944; Coleman 
and Troland, 1948; Maloney, 1954). The establish- 
ment of an opening between the dilated fourth 
ventricle (commonly, but erroneously referred to as 


— 





*Benda (1954) also has recently opposed the view of the causal role 
of the atresia of the foramina of Magendie and Luschka in this type 
of hydrocephalus, but is inclined to consider the anomalies as belong- 
ing to the group of rachischisis malformations. 
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a “‘cyst’’) and the cisterna magna may well be of 
importance in relieving the symptoms due to 
increased intracranial pressure when these occur. 
It will be of practical importance, therefore, to be 
aware of such cases which clinically, as recently 
suggested by Benda (1954), may properly be referred 
to as presenting the Dandy-Walker syndrome. A 
diagnostic finding of value is the raising of the 
transverse sinuses, which can be recognized on a 
radiograph of the skull and indicates an elevation of 
the tentorium, although this sign may be absent, as 
in Coleman and Troland’s (1948) cases. Additional 
clues are given by an enlarged head, particularly an 
elongated occiput (Benda, 1954). When found in 
patients presenting signs of rather rapidly increased 
intracranial pressure, such findings should arouse 
suspicion, and a ventriculograph, or in some cases 
even an air encephalograph via the lumbar route, 
will clinch the diagnosis. 


Summary 


The clinical and pathological anatomical findings 
in two cases of the ““Dandy-Walker”’ syndrome are 
described. The patients were two girls, aged 4 and 7? 
years, respectively, who had presented signs of 
increased intracranial pressure for relatively short 
periods before they succumbed. Ventriculography 
showed a generalized hydrocephalus, with a large 
air-filled space in the posterior cranial fossa, 
indicating a cerebellar defect. 

The chief anatomical findings, apart from a 
generalized hydrocephalus, were the following: The 
posterior part of the cerebellar vermis was under- 
developed, and was continuous caudally with a 
membrane consisting of ependyma and connective 
tissue which represents the extremely enlarged roof 
of the fourth ventricle. In Case 1, the foramina of 
Luschka were patent. The median part of the choroid 
plexus of the fourth ventricle was underdeveloped 
and displaced caudally. 

A comparison with the findings made in adult and 
foetal brains belonging to a strain of mice affected 
with a similar type of malformation (Brodal and 
others, 1944; Bonnevie and Brodal, 1946) and a 
consideration of data from the normal development 
of the human brain make clear that the anomalies 
in the human cases originate at a stage before the 
foramina of Luschka and Magendie develop. This, 
as well as other data, for example, the occurrence of 
the anomalies and symptoms in cases with patent 
foramina, show that the atresia of the foramina 
found in many cases cannot be an essential factor in 
the production of the anatomical (and clinical) dis- 
turbances in cases of this type. 
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A METHOD FOR THE LOCALIZATION AND PRODUCTION 
OF DISCRETE DESTRUCTIVE LESIONS IN BRAIN 


BY 


I. R. McCAUL 


From the Department of Neurosurgery, Whittington Hospital, London 


That the more distressing symptoms of Parkin- 
sonism and other hyperkinetic disorders may be 
relieved surgically has now gained general accep- 
tunce. At the present time procedures in which 
destructive lesions, localized by a stereotactic method 
and made through a small cranial opening, have 
gained almost universal preference. It is proposed 
to describe such a technique. It has been found to 
work well in practice, disturbance to the patient is 
minimal, electro-physiological studies are facilitated 
since general anaesthesia is unnecessary, and the 
stereotactic instrument used is relatively inexpensive. 


Stereotaxis 
In practice, since most workers in the field of 
human stereotaxy use part of the visualized ventri- 
cular system as a reference point in localization 


(Hankinson and Amador, 1956), the problem is 
reduced to the insertion of a cannula or electrode 
through the skull in the direction of an identical 
point plotted on two radiographs taken in planes 
at right angles to each other. The depth of insertion 
must also be known. 

It has been found that a high degree of accuracy 
is obtainable by the use of a direction indicator so 
constructed that an adjustment in one plane can be 
made without altering the position in that at right 
angles to it. 


Description of Instrument 
The instrument (Fig. 1), made of stainless steel, 
consists of a ball drilled centrally and fitted to an electrode 
or cannula carrier (a). Into this carrier a directing rod (b) 
can be inserted. Two lead-containing markers (c) are 
fitted to the rod in such a way that the distance between 


Fic. 1.—Stereotactic instrument. 
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them is equal to that from the lower one to the centre of 
rotation of the ball. The ball may be locked in any 
desired position by means of the lever (d) and the 
mechanism is so designed that this action does not 
result in slight movement of the ball and carrier. A 
turntable (e) can be turned into any position, but when 
lever (f) is moved in a clockwise direction to the ‘“‘on”’ 
Position a “‘click’? mechanism comes into play so that 
rotation through an angle of precisely 90° may be 
appreciated by touch alone. On the turntable a curved 
perforated scale (g) is mounted in such a way that it can 
be made to touch the directing rod. The centre of the 
circles formed by the arcs of the scale itself and the 
curved guides in which it runs is at the centre of rotation 
of the ball. The scale can be locked in any position by 
thumb screws (h). A lead strip is inserted between steel 
outer layers in the construction of the scale. Rigid 


fixation to the skull is obtained by the tapered tubular 
mounting (i) which has a screw thread and which fits 
the hole made by a 17 mm. Hudson burr. 
situated in the lower part of the mounting. 


The ball is 


Method of Localization 

The conventional radiographic centring points are 
best discarded in favour of the nasion-inion line and one 
at right angles to it passing through two symmetrically 
placed points on the line 3 cm. in front of the external 
auditory meatus. Radio-opaque markers are fixed to 
the scalp at all four points and a further marker is used 
to indicate the site of proposed insertion of the stereotactic 
instrument. The selection of this point is a matter of 
preference and has no bearing on the method of localiza- 
tion. When either the globus pallidus or thalamus has 
been the target a point about 4 cm. from the mid-line 
near the coronal suture has been used. 

All radiographic studies are made with a constant 
object-film and tube-film distance (F.F.D.). A skull 
stand of Schénander or Barazzetti type is an advantage 
but not a necessity. A F.F.D. of 90 cm. or more is 
preferable. 

Air is introduced into the ventricular system. Antero- 
posterior and lateral radiographs are taken and the 
target marked on each film. Superimposition of a 
brow-down and brow-up lateral projection may be 
necessary to define the position of the target if the 
posterior end of the third ventricle is required as a 
reference point. That the target marked on the two 
films represents an identical point within the skull may 
be checked since the vertical height of each point above 
the nasion-inion line should be the same. 

The whole procedure is carried out under local 
anaesthesia and with the patient supine. Through a 3 cm. 
incision at the point already determined, a burr hole is 
made in the skull using a 17 mm. Hudson burr. The 
stereotactic instrument is then screwed home. The 
turntable is rotated until a “‘click’’ position is reached, 
the lever (f) moved to the “off’’ setting and the turntable 
again rotated until the curved perforated scale is lying 
parallel to the sagittal plane. The lever (f) is then moved 
to the “on” position and remains so throughout the rest 
of the procedure. The “click”? device will now operate 
whenever the scale is moved through an angle of 90°. 
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Fic. 2.—Line drawn from target through centre of rotation indicating 
correct position on scale. 


The directing rod is next inserted into the carrier. The 
ball is freed by means of lever (d) and, aided by reference 
to the two films on which the target is marked, an attempt 
to estimate the correct line by eye is made. The ball is 
then locked and the curved scale is moved against the 
directing rod and a radiograph taken. The scale is then 
moved clear of the rod, rotated through an angle of 90°, 
placed in contact with the rod again, and a further 
radiograph taken in this plane. The films are then 
developed, fixed, and rapidly dried. If rinsed in 90°, 
alcohol and then put between blotting paper they are 
ready in two minutes. A fine pencilled line is drawn on 
each film extending the line of the directing rod towards 
the cranial cavity. The distance on the films between the 
two markers on the rod is measured and a point of equal 
distance from the lower marker on the pencilled line 
then represents the centre of rotation of the ball. A 
further pencilled line from the target through the centre 
of rotation and extended outwards to cross the perforated 
scale is drawn. The point on the scale in each projection 
at which the directing rod must be positioned to be 
correctly aimed at the target can now be seen (Fig. 2). 
Care should be taken to ensure that the curved scale is 
locked in a position touching the directing rod before 
the latter is moved so that movement in only one plane 
at a time is possible. 

The above procedure will only result in accurate 
alignment when the angle of correction necessary in the 
plane at right angles to that being corrected is less than 
about 10°. At angles greater than this the error duc to 
radiographic distortion may become significant, the 
critical point depending on variations in F.F.D. (A 
communication discussing this and other theoretical 
aspects of the method is in course of preparation by 
Dr. J. A. V. Bates.) The error, however, is never s0 
great that by the above method a position within the !0 
margin will not be attained. At worst, therefore, a 
further two films may be necessary before accurate 
positioning of the carrier is achieved. In practice ‘t is 
usual to obtain a satisfactory position after the ‘irst 
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Calculation of depth. 


two radiographs have been taken provided a reasonably 
careful alignment is made when initially positioning the 
directing rod. 


Calculation of Depth 


The distance from the upper end of the electrode or 
cannula carrier to the target, measured on a radiograph, 
represents the required depth modified not only by 
radiographic magnification but also by foreshortening 
due to angulation in the plane at right angles to that being 
examined. The actual depth is best calculated by insertion 
of a cannula of known length and this when measured 
on the radiograph enables the magnification factor to be 
determined. Greater accuracy is obtained by using a 
short-length of cannula near to the central x-ray beam 
(Bates, personal communication). 

Since experience has shown that as far as the globus 
pallidus and thalamus are concerned, the actual depth is 
always more than 8 cm., a cannula 8 cm. long with a 
small hole drilled through it at right angles to its axis 
2 cm. from the distal end is inserted to its full extent into 
the carrier. The hole in the cannula can be seen radio- 
graphically and the distance on the film which represents 
an actual length of 2 cm. measured (Fig. 3). If x repre- 
sents the true distance from the end of the 8 cm. cannula 
to the target, a the length of the 2 cm. segment when 
measured on the radiograph, and b the distance from 


the end of the cannula to the target measured on the film, 
) 


2b _. 
aa This therefore represents the value in centimetres 


c 


which must be added to the 8 cm. insertion in order that 
the tip of the cannula may coincide with the target. 


Making the Lesion 


The making of a focal coagulative lesion with dia- 
thermy current was initially tried but the technique was 
felt to be unreliable and was abandoned. A method of 
Chemical coagulation (Cooper, 1955) using absolute 
alcohol had been described and this substance, coloured 


3 


DISCRETE LOCALIZED LESIONS IN BRAIN 







111 





with dye, was injected into necropsy material. It was 
found that the fluid tended to take the line of least 
resistance running in the direction of main fibre tracts. 
About this time a further communication by the same 
author (Cooper, 1956) indicated that he was now in- 
creasing the viscosity of the injected fluid by the addition 
of ethocel. This mixture too was subjected to the same 
examination but again, in necropsy material at least, the 
degree of spread was found to be unpredictable. Further 
studies seemed to indicate that the chemical agent injected 
should be in the form of a thick paste. Kaolin powder 
was therefore added to the alcohol-ethocel solution 
(“etopalin’’) and it is this mixture which has been used 
during the past two years. No adverse effects have been 
attributed to its use. Since no patient has died, it 














Fic. 4.—Post-operative film, showing outline of injected “‘alcohol 
paste”’. 


remains to be established what part each constituent 
of the mixture plays in the making of a lesion which on 
clinical grounds appears to be satisfactory. 

A cannula with a stop at the required distance is 
inserted into the instrument carrier. A No. 18 gauge 
spinal puncture needle with the bevelled point removed 
will be found to be satisfactory. One millilitre ““hypaque”’ 
and 3 ml. “etopalin’” are mixed together and kaolin 
powder sterilized by dry heat is added until a thick paste 
of the consistency of toothpaste (dentifrice) is obtained. 
The paste is inserted into the open barrel of a 20 ml. 
syringe, the plunger inserted, and the mixture injected 
into the open barrel of a narrow bore | ml. syringe. The 
type used for tuberculin testing will be found to meet all 
requirements. If the paste is made correctly it is not 
possible to fill the narrow bore syringe by drawing back 
the plunger in the usual manner. The syringe is attached 
to the cannula and the plunger depressed very slowly, 
the effect on tremor and muscle tone being constantly 
assessed. A second syringe must be used if more than 
1 ml. of the material is required. In thalamic procedures 
a total of about 1 ml. is usually necessary (Fig. 4); for 
the globus pallidus slightly more. The paste sets hard 
at room temperature but is readily soluble in acetone. 

Recurrence of significant tremor and rigidity is rare 
and a second injection at a later date is hardly ever 
necessary. 
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Summary I am also indebted to Dr. A. K. Pittman, of Ciba 
A small, relatively light and inexpensive stereo- Laboratories, for his help in making “‘etopalin”’ solution 
tactic instrument is described. An account of its  @vailable. 
use and the making of a localized destructive lesion 
in brain by the injection of “‘alcohol paste”’ is 


presented. REFERENCES 


' Bates, J. A.V. P 1 ication. 
I am indebted to Messrs. K. O. Ford, the makers of — Cooper. i's. (1955), Science 121, 217. 


the stereotactic instrument, for their most helpful —— (1956). The Neurosurgical Alleviation of Parkinsonism. Charles 
: ‘ = C. Thomas, Springfield, Illinois. 
cooperation during its development. Hankinson, J. and Amador, L. V. (1956). Postgrad. med. J., 32, 28, 





THE FEBRUARY (1959) ISSUE 


The February (1959) issue contains the following papers :— 

A Clinical and Radiological Correlation of the Lesions Produced by Chemopallidectomy and Thalamectomy. 
Gonzalo J. Bravo and Irving S. Cooper 

Some Aspects of the Effects of Acute Reserpine Treatment on Behaviour. Peter H. Glow 

Physiological Tremor in Children. John Marshall 

The Mechanism of the Pain in Trigeminal Neuralgia. Eric Kugelberg and Ulf Lindblom 


Lumbosacral Spina Bifida Cystica with Craniovertebral Anomalies: Report of Two Cases Presenting with 
Neurological Disorder in Adult Life. John D. Spillane and Lambert Rogers 


The Relief of Myotonia by the Use of a Potassium-binding Resin. Victor Tompkins, R. G. Lascelles, and 
Brian McKinney 


The Estimation of Motility During Rest or Sleep. G.H. Cox and E. Marley 
Blood Cerebrospinal Fluid Bromide Ratios in Mental Patients. A. J. Coppen 


An Angiographic Test of Collateral Circulation through the Anterior Segment of the Circle of Willis. C. B. 
Sedzimir 


The Application in General Medical Conditions of a Visual Method of Assessing and Representing Generalized 
Electro-encephalographic Abnormalities. John Laidlaw 


Proceedings of the Society of British Neurological Surgeons: 58th Meeting 
Book Reviews 


A number of copies are still available and may be obtained from the Publishing Manager, British 
Medical Association, Tavistock Square, W.C.1, price 17s. 6d. 



















aa RE 


2S ARENT IE 


tish 












Neurol. Neurosurg. Psychiat., 1959, 22, 113. 


THE EFFECTS OF INDUCED HYPERTHERMIA ON PATIENTS 
WITH MULTIPLE SCLEROSIS* 
BY 
DEWEY A. NELSON and FLETCHER McDOWELL 


From the Second (Cornell) Neurological Service, Bellevue Hospital, and the Department of Medicine, 


Cornell University Medical College, and the Demyelinating Disease Clinic, Hospital for Special Surgery, 


Several authors have reported that induced 
hyperthermia causes new neurological signs to 
develop in patients with multiple sclerosis. Collins 
(1938) observed that a patient with multiple sclerosis 
while receiving fever therapy developed a series of 
neurological signs that reversed when the fever 
therapy was terminated. Simons (1937) pointed out 
that 62% of patients with multiple sclerosis gave a 
history of becoming weak when exposed to heat. 
Guthrie (1951) found that neurological signs can 
develop in a patient with multiple sclerosis when 
only a leg or arm is immersed in hot water, and he 
pointed out the frequent diminution in visual 
acuity and the appearance of scotomata when 
patients are totally or partially immersed in hot water. 

In an earlier study (Nelson, Jeffreys, and 
McDowell, 1958), we investigated the effects of 
induced hyperthermia by hot baths not only on 
patients with multiple sclerosis but on patients with 
a variety of other diseases of the nervous system. 
It was found that each of the 12 patients with multiple 
sclerosis developed neurological changes and that 
these were usually multiple (an average of 2-8 per 
patient). It was also found, however, that 55°% of 
patients with diseases other than multiple sclerosis 
developed neurological changes. These were usually 
single signs and tended to occur at higher elevations 
of body temperature than in patients with multiple 
sclerosis. Patients with multiple sclerosis frequently 
developed alterations in extraocular movements, 
including the appearance of nystagmus, signs of 
dysfunction of the medial longitudinal fasciculus, 
and paralysis of extraocular muscles. Visual acuity 
also frequently decreased. It was found that three 
patients with multiple sclerosis developed signs 
before any elevation of body temperature was 
recorded. Because of the possibility that this may 
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have been due to the manner in which the test was 
performed (taking the oral temperature every five 
minutes), the present study was undertaken to study 
the occurrence of neurological changes in patients 
with multiple sclerosis with particular attention to 
the temperature of onset. 


Methods and Materials 

Fourteen patients with a clinical diagnosis of multiple 
sclerosis were studied. Two of these were confined to 
bed and had far advanced diseas:; 12 were ambulant 
and had moderately advanced disease. There were eight 
women and six men in the study. Their average age was 
42 years with a range from 29 to 57 years. The duration 
of the disease varied from two and a half years to 28 years, 
Eight patients (57%) gave a history of intolerance to 
heat, usually profound weakness in a hot bath. 

Their body temperatures were raised in two different 
ways. Five patients were heated with infra-red lamps 
which arched over the bed two feet from the skin and 
radiated the patient from the nipple line down. The 
patient was covered with a blanket in order to raise 
humidity and to reduce the cooling effects of sweat 
evaporation. Skin and rectal temperatures were recorded 
using skin and rectal thermocouples. In this manner the 
skin temperature was raised to between 114 and 117 F. 
and the rectal temperatures were raised from 1-5 to 4-7°F. 
in 30 to 72 minutes. 

Nine patients were heated by immersing them up to 
the nipple line in a hot bath with the water temperature 
at 105°F. and then elevating the temperature of the bath 
to 106 to 110°F. over a 10 to 15-minute period. Body 
temperature was recorded utilizing a rectal thermocouple 
and rectal temperatures were elevated from 1 to 4°F. in 
23 to 40 minutes. The thermocouple was introduced 
6 in. or more into the rectum and the buttocks were 
taped together to prevent any water from entering the 
anus. 

These two techniques were utilized as a means of 
gradually elevating the body temperatures so that careful 
note could be made of the body temperature at which new 
signs occurred. Blood pressures, visual acuity, pupillary 
size, dysarthria, nystagmus, range of extraocular move- 
ments, and evidence of weakness of the extremities were 
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recorded. A previous study (Nelson et a/., 1958) indicated 
that the most frequent neurological changes were 
diminished visual acuity and changes in extraocular 
movements, and led us to concentrate on these observa- 
tions. Changes in reflexes, strength, coordination, etc., 
may have occurred during this study but due to their 
inconsistent change in the first study and difficulty in 
evaluating and recording them, they were not included. 
After discontinuing heating, the patients were examined 
at intervals until control levels of bcdy temperature and 
neurological signs were reached. Visual acuity was 
measured with a Snellen chart at 15 feet in the patients 
who were heated with the lamps and the other patients 
who were heated in the bath had visual acuity measured 
utilizing a Lebensohn near-vision chart. 


Results 
Table I indicates the type of neurological signs 
observed and the frequency with which they appeared 
in these 14 patients when their body temperatures 
were raised from 1°F. to 4:7°F. It can be seen that 


TABLE | 
TYPE OF NEUROLOGICAL CHANGES 





Type of Sign No. of Signs 





Diminished visual acuity 

Horizontal nystagmus* 

Vertical nystagmus* 

Diplopia 

Medial longitudinal fasciculus syndrome 
Dysarthria 

Paraparesis 

Upward gaze palsy 

Rectus muscle palsy 
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*Not present at beginning of test. 


diminished visual acuity and changes in extra- 
ocular movements accounted for the majority of the 
changes. One patient developed no measurable 
signs, three developed only one sign, but the others 
developed an average of three new signs. The 
patient who developed no signs had evidence of a 
transverse myelopathy and never had had evidence 
of cranial nerve dysfunction. The three patients 
who developed only one sign also had predominantly 
evidence of spinal cord involvement. One developed 
paraparesis, one developed horizontal nystagmus 
(there was an earlier history of vertigo during exacer- 
bations), and the other patient developed loss of 
visual acuity. This last patient had no earlier 
history of loss of visual acuity and had never shown 
it on prior examination. This is the only patient in 
this or the earlier study who developed a sign of 
dysfunction of the nervous system without some 
earlier evidence or history of similar dysfunction. 
There were eight patients who were in remission, 
the last change in neurological status dating from 
six months to six years before the heat study. Six 
patients were in an active stage of the illness at the 
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TABLE II 


RELATION OF BODY TEMPERATURE TO NUMBER AnD 
OCCURRENCE OF SIGNS IN PATIENTS WITH ACTIVE AND 
INACTIVE MULTIPLE SCLEROSIS 





Total No. «: 
Signs 


Body Temperature Elevation | 
at Appearance of First Sign 


Patients in Remission 


Patient 
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Patients in Exacerbation 
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time of the study. Table II shows a comparison 
between these two groups and the temperature 
elevation at which the first sign occurred and the 
number of signs which developed. These figures 
suggest that the patients who were in remission 
showed fewer signs and that the elevation of body 
temperature at the appearance of the first sign was 
higher than for those patients with evidence of 
activity of the disease at the time of the study. 

All patients who developed neurological changes 
showed an elevation of body temperature before 
the appearance of the first of these signs. It varied 
from 0:3°F. to 2:7°F. The patients who received 
infra-red heat showed the first sign at a mean 
exposure time of 42 minutes compared with a mean 
immersion time of 20 minutes in the other group. 
Neurological signs appeared at this range of tem- 
perature elevation regardless of whether the patient 
was heated very slowly (as with infra-red lamps) or 
rapidly (as in hot water). 

To further investigate whether these neurological 
changes depend upon an elevation of body tempera- 
ture or were perhaps due to the stress of the test 
situation, the following studies were done. 

One patient (K.B.) had developed the first sign 
(nystagmus on lateral gaze) after 24 minutes of 
radiant heat when her body temperature had been 
raised 1:6°F. She was placed in a hot bath for two 
hours and 15 minutes. Her body temperature was 
not allowed to rise more than 1-6°F. during the 
period and no_ neurological changes occurred. 
When her body temperature was allowed to rise 
1:7°F. at the end of this study she developed nystag- 
mus, which disappeared when her body temperature 
fell again to 1:6°F. Similar results occurred in 
another patient who had shown his first sign in the 
bath after 23 minutes when his body temperature 
was raised by 1:3°F. This patient was studied at 
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later date in the warm bath, at which time his 

dy temperature was raised 0:4°F. to 0-9°F. for 

ie hour and 50 minutes. During this time no 

anges in the neurological examination occurred. 
. third patient was very sensitive to heat and had 
..own a first neurological change at 0-:5°F. body 
nperature elevation after seven minutes of immer- 
in in the hot bath. This was checked a second 
: ne with only the feet and legs immersed in hot 
\ iter. On this examination the first sign occurred 
0-4°F. after eight minutes of immersion. In this 
itient, who was very sensitive to heat, changes did 
cur with partial immersion but not until there had 
-en the same body temperature elevation as during 
thie first test. 

Comparison of blood pressure changes between 
the patients who received radiant heat and those who 
received heat by hot water revealed that those in the 
group heated by infra-red lamps showed blood 
pressures which remained the same or showed slight 
elevation, and in the other group, though the diastolic 
blood pressures fell significantly, there was no 
significant difference in the numbers of signs which 
developed. 

Neurological signs which appeared on exposure 
to heat tended to revert to control levels while the 
body temperature was above that at which the first 
sign occurred. Table III compares the body tem- 
perature elevation at which the first sign occurred 
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TABLE III 
RELATIONSHIP OF APPEARANCE AND DISAPPEARANCE 





OF NEUROLOGICAL SIGNS TO ELEVATION OF BODY 
TEMPERATURE 
Body Body Body | Body 
Temperature | Temperature | Temperature | Temperature 
Patient at First at End of |_ at First at Last 
Sign (°F.) Test (°F.) | Sign of Dis- | Sign of Dis- 


appearance appearance 
(°F.) | (°F.) 


Immersion in Hot Water 
3 





1 1- 2:2 2:2 2-0 
2 0-3 1-0 1-0* 1-0 
3 2:2 38 38 3-3 
4 2:7 } 2:8 2:8* 2:8 
5 2:0 2:5 1-2 | 1-0 
6 0-5 0-7 0-5 | 0-5 
7 0-9 1-3 2-4* 2-4 
8 0-9 1-7 1-7 1-4 
Radiant Heat 
9 0:3 0:5 —0-3 —0-3 
10 1-9 42 4:3* 43 
11 1-6 2:3 1-8* 1:8 
12 1-6 2-6 | 2:2 | 1-7 





*All signs disappeared at the same temperature. 


with the temperature at which the first sign dis- 
appeared and that at which the last sign disappeared. 
Twelve patients are reported, for one developed no 
change in signs and data on one are lacking. In nine 
of these 12 patients the neurological changes dis- 
appeared when body temperature was above that 
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at which the first sign appeared. Two patients had 
neurological signs reversed while the body tempera- 
ture was still climbing. 


Discussion 

Eight of the patients in this series gave a history 
of weakness on exposure to heat. Seven gave a 
history of generalized weakness in hot baths (one 
of these also had dysarthria) and one gave a history 
of weakness of the legs only. Our patients had 
often found it necessary to give up hot baths due to 
severe weakness and the inconvenience~of lying 
helpless in the water until someone arrived to give 
them assistance in leaving the tub. 

It appears that most patients with multiple 
sclerosis will develop one or more additional 
neurological signs when their body temperatures are 
raised 0:5°F. to 2:5°F. A particular temperature 
elevation seems necessary before signs appear, and 
changes apparently do not occur as a result of the 
stress of the test or drop in systemic blood pressure. 
The additional signs which appear have with one 
exception occurred during an active phase of the 
illness in the past. The signs which appear during 
induced hyperthermia disappear when the patient is 
cooled, but often when the body temperature is at a 
higher level than that at which the first signs 
appeared. This suggests that there is some type of 
adaptation during heating. 

The aetiology of these neurological changes is 
obscure. It may be the heat itself which causes 
dysfunction in parts of the nervous system which 
have suffered prior damage by demyelinating plaques. 
Elevation of the body temperature to a certain level 
may also release a humoral substance which acts on 
nervous tissue. 

Though the appearance of neurological signs upon 
elevation of body temperature is by no means 
specific for multiple sclerosis, the appearance of 
multiple signs when the body temperature is 
elevated between 0:5°F. and 2:5°F. speaks in favour 
of this diagnosis. These studies also indicate that 
signs of neurological dysfunction are more likely to 
occur after elevation of the body temperature when 
the disease process is active. 


Summary and Conclusions 

Eight of 14 patients with multiple sclerosis gave a 
history of weakness when exposed to heat or hot 
baths. 

Thirteen of 14 patients developed neurological 
signs when the body temperatures were elevated 
1:3 + 07°F. 

Ten patients developed multiple signs. Three 
patients developed single signs and these patients 
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mostly showed evidence of spinal cord damage on 
neurological examination. 

The occurrence of neurological changes seemed to 
be related only to the body temperature elevation 
and not to length of exposure or to depression of 
blood pressure. 

Changes most frequently found were ocular 
motility changes and diminution in visual acuity. 

Nine patients showed a reversion to the con- 
trol observations when the body temperature was 
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above that at which the first neurological sizn 
appeared. 

The appearance of new neurological signs after 
raising the body temperature is more frequent wien 
the disease is active. 
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JHE CHOLESTEROL AND CHOLESTEROL ESTER 
( EREBROSPINAL FLUID IN PATIENTS WITH MULTIPLE SCLEROSIS 
AND OTHER NEUROLOGICAL DISEASES* 
BY 
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FRANCIS M. FORSTER, and WALTER C. HESS 
From the Departments of Neurology and Biological Chemistry, Georgetown University School of Medicine, 


Cumings (1953, 1955) showed that demyelination 
of the human brain caused by multiple sclerosis 
resulted in a loss of free cholesterol and the ap- 
pearance of cholesterol esters in the involved areas. 
Cholesterol is a principal constituent of myelin and, 
according to Cumings, exists in the normal brain 
entirely as the free non-esterified sterol. It seemed 
of interest to determine the cholesterol content of 
the cerebrospinal fluid, and the proportion of free 
to esterified cholesterol normally present. The 
possibility existed that the total concentration and 
state of the cholesterol was different in the cerebro- 
spinal fluid of patients with multiple sclerosis, 
reflecting the changes in the brain. The cerebro- 
spinal fluid was chosen for this study rather than 
the blood serum because it is in direct contact with 
areas of demyelination. Also, small changes in the 
large serum “ pool ’’ of cholesterol might be difficult 
to evaluate. 

A procedure for the accurate determination of 
small amounts of cholesterol and cholesterol ester 
in the cerebrospinal fluid was devised. This was 
based upon a new method for the extraction of 
cholesterol developed in this laboratory (Roboz, 
Hess, Di Nella, and Cevallos, 1958) and a new 
technique for separating free and esterified cholesterol 
by silicic acid column chromatography (Fillerup 
and Mead, 1953). 

The cholesterol and cholesterol ester concentra- 
tions in the cerebrospinal fluid were determined in 
a group of patients with a firmly established diag- 
nosis of multiple sclerosis. These results are com- 
pared with values obtained in normal individuals 
and in a series of patients with various neurological 
disorders. 
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Since the cerebrospinal fluid y globulin concen- 
tration is thought to be an aid in the diagnosis of 
multiple sclerosis, this was determined and the 
results compared with the cholesterol concentration. 


Materials and Methods 

Cerebrospinal fluid was obtained by lumbar puncture 
from most of the 53 patients included in this study. In 
a minority of cases fluid removed during air studies was 
utilized. The diagnosis of each patient was established 
by a thorough history and neurological examination, 
combined with air studies and arteriography where 
indicated. Especially strict criteria were applied in the 
selection of 13 multiple sclerosis patients. A history of 
remission and exacerbation was present in most, and all 
had evidence of dissemination of lesions. The onset 
of the disease in all cases was before the age of 40 years. 

Included in the sample of neurological diseases were 
eight patients with seizures. A few represented idiopathic 
epilepsy while most were probably symptomatic. Each 
had a pneumoencephalogram taken but this failed to 
demonstrate a neoplasm. 

In addition to routine studies the y-globulin concen- 
tration in the cerebrospinal fluid of the multiple sclerosis 
patients was determined by the zinc sulphate precipitation 
technique reported by Roboz, Hess, and Forster (1953). 
Values over 5 mg. per 100 ml. are considered elevated 
in this laboratory. 

Cholesterol and cholesterol ester were extracted from 
10 mi. of cerebrospinal fluid by the method of Roboz 
and others (1958) and determined by the chromatographic 
technique of Papadopoulos, Cevallos, and Hess (1958). 
This method utilizes a silicic acid column and the 
selective elution of free and ester cholesterol followed by 
their colorimetric estimation. 


Results 
Since it was desirable to perform the cholesterol 
analysis on 10 ml. of cerebrospinal fluid, it was 
difficult to survey a large number of normal indi- 
viduals. The total cholesterol content in the 
cerebrospinal fluid of six patients diagnosed as 
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neurotics with no neurological disease averaged 
0-33 mg. per 100 ml., ranging from 0:26 to 0:43. 
Of this total, 0-17 mg. (range: 0-14 to 0-20) was in 
the free state, and 0-16 mg. (range: 0-12 to 0-23) 
represented cholesterol ester. It is recognized that 
the number of “‘ normal” controls is quite small; 
emphasis will therefore be placed on a comparison 
of the levels obtained in the different diagnostic 
groupings. 

Table I presents the cholesterol content—free, 
esterified, and total—of the cerebrospinal fluid of 
13 patients with multiple sclerosis. When the 
averages of these values are compared with those 
of the normals, it is seen that the principal difference 
was in the cholesterol ester fraction. An increase in 
cholesterol ester was chiefly responsible for the 
higher total cholesterol levels in the patients with 
multiple sclerosis. 


TABLE I 


CHOLESTEROL CONTENT IN CEREBROSPINAL FLUID IN 
MULTIPLE SCLEROSIS 





Cholesterol 


¥ Free ~ Ester Total " Percentage 
(mg.%) (mg. %) | (mg. %) as Ester 


y-Globulin 
(mg. %) 


Patient 


1 
2 
3 
4 
5 
6 
7 
8 
9 
0 
1 
2 
3 
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| 
| 
| 
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* Acute disseminated encephalomyelitis. 


Table II lists the cerebrospinal fluid cholesterol 
levels in patients with a variety of neurological dis- 
orders. The free cholesterol content was found to 
vary more than the ester. For example, free choles- 
terol ranged from 0-18 to 0:35 mg. per 100 ml. in 
patients with a convulsive disorder, while the ester 
varied between 0-14 and 0-26 mg. per 100 ml. in 
this group. High levels of total cholesterol were 
found in cases of cerebral infarction (1:04, 0-96, 
0:71), severe head trauma (0-68, 0-65), intracerebral 
haematoma (1:08), and glioblastoma multiforme 
(1:35). Augmented amounts of both free and 
esterified cholesterol appear to be responsible for 
these high totals. 

The calculation of the percentage of the total 
cholesterol as ester revealed a significant difference 
between the multiple sclerosis patients and those 
with other diseases (Tables I and II). Five patients 
with multiple sclerosis had cholesterol ester levels 


TABLE II 


CHOLESTEROL CONTENT IN CEREBROSPINAL FLUID IN 
VARIOUS NEUROLOGICAL DISORDERS 





Cholesterol Per- 
—__—____ ______| _—__—— centage 
| Free Ester Total as 

| (mg.%) | (mg. %) | (mg.%) ~~ Ester 


See text 


Diagnosis Comment 


Convulsive 
disorder 


0-35 | 0 ; 36 
3 


Cerebral 
concussion 
Prolonged 
coma 
Cerebral 
concussion 
Subdural 
haematoma 


Died 


O17 | O12 
0-26 
0-30 
0-37 


Head trauma 


Cerebral 
infarction 


Nau, 
—nNwo 
o-_ 


Two months 
after onset 


annw 
New 
Chfaun wai 
Anon 


Severe 
deficit 

Rapid 
recovery 


Se eeeoe Sf 
> eee ote) 


a 
w 
a 


Clear fluid 
Intracerebral 
haematoma 


Aneurysm 


Brain tumour ; 

Glioblastoma 

Cerebral 
atrophy 
(P.E.G.) 


Pre-senile 
dementia 


Tabes 
dorsalis 
Paresis 


Aetiology 
undetermined 


Bell's palsy 


CNS. 
syphilis 


Peripheral 
neuropathy 


Root com- 
pression 
Long tract 

signs 


Osteo-arthritis 
of cervical 
spine 





Severe cord 
changes 


Subacute com- 
bined degen- 
eration (per- 
nicious 
anaemia) 





which were in excess of 60°% of the total cholesterol. 
Of the 40 patients bearing other diagnoses (including 
the six normals), none had more than 60% of the 
total cholesterol as ester, and only one had a level 
of 60%. 

The percentage of ester also correlated best with 
the degree of functional deficit possessed by indi- 
vidual patients with multiple sclerosis. The patients 
numbered 2, 4, 5, and 13 in Table I had the most 
severe involvement clinically; these patients all had 
raised percentages of cholesterol ester. However, 
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‘atient number 7 had the largest amount of choles- 
rol in the ester form, yet had a mild illness, with 
‘strobulbar neuritis as the chief manifestation. 
‘ onversely, the eighth patient, although severely 
sabled by a disseminated disease, had relatively 
..w cholesterol and cholesterol ester values in the 

rebrospinal fluid. Examinations of the cerebro- 

inal fluid in this case during the one week after 

_ exacerbation revealed almost identical levels. 

The y-globulin concentration was elevated in 

ven of the patients with multiple sclerosis. The 

globulin and percentage of cholesterol as ester 

-re both increased in three patients. Abnormalities 
/’ one or the other of these two determinations were 
yresent in nine of the 13 cases. 

Although this report is not primarily concerned 
with serum cholesterol levels, the relationship 
between serum and cerebrospinal fluid cholesterol 
content is of interest. A patient with myxoedema 
had a serum cholesterol level of 406 mg. per 100 ml. 
(normal: 50 to 250), and a cerebrospinal fluid level 
of 0:55 mg. per 100 ml. Two other patients with serum 
levels of 288 and 256 mg. per 100 ml. had cerebro- 
spinal fluid values of 0-57 and 0-50 respectively. 


mm ms 8 


Discussion 

Plaut and Rudy (1933) investigated the cholesterol 
content of the cerebrospinal fluid in neurological 
diseases but did not determine the cholesterol ester 
fraction. They reported a normal level varying from 
0-06 to 0-22 mg. per 100 ml., although they indicated 
that cholesterol may be absent from normal cerebro- 
spinal fluid. They tound an increase of cholesterol 
in patients with cerebral arteriosclerosis, dementia 
paralytica, brain tumour, brain abscess, and other 
diseases. Patients with multiple sclerosis were 
evidently not studied. It is significant that Plaut 
and Rudy found a lower level of total cholesterol in 
their controls than we did. The method of deter- 
mination employed by these investigators was less 
sensitive than the modern methods utilized in this 
study, a fact which was emphasized by their 
occasional failure to find cholesterol in the cerebro- 
spinal fluid samples. The separation and deter- 
mination of very small quantities of cholesterol and 
cholesterol ester has only recently been made 
practicable by the application of column chroma- 
tography. 

It is not surprising that destruction of brain or 
spinal cord tissue by various disease processes was 
accompanied by an increased cholesterol content of 
the cerebrospinal fluid. The human brain, and 
especially the white matter, is rich in cholesterol 
which may be released into the cerebrospinal fluid. 
Both this study, and the work of Plaut and Rudy, 
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indicate that increased serum cholesterol levels do 
not influence the cerebrospinal fluid concentration 
in patients without neurological disease. 

Increased levels of both free and esterified choles- 
terol were found in the cerebrospinal fluid of patients 
with cerebral infarction, brain tumour, and head 
trauma, as well as in multiple sclerosis. The multiple 
sclerosis group was separated from the other 
diagnostic categories by the presence in several 
cases of a cholesterol ester fraction which con- 
stituted over 60% of the total cholesterol. This 
finding correlates well with the observations of 
Cumings (1955). The decrease in free cholesterol 
and the appearance of cholesterol ester in demye- 
linated areas of the brains of patients with multiple 
sclerosis, reported by this worker, is thus reflected 
by an augmented proportion of cholesterol as ester 
in the cerebrospinal fluid. The data are insufficient 
to establish a correlation betwen the cerebrospinal 
fluid results and the activity of demyelination : more 
patients must be studied. An extension of this series 
is also desirable since the low y-globulin levels of 
several of the multiple sclerosis patients are contrary 
to previous experience in this laboratory and may 
indicate that this group was not fully representative 
of the disease. If further studies now in progress 
contirm this report, the determination of the per- 
centage of esterified cholesterol in the cerebrospinal 
fluid may well be a valuable aid to the diagnosis 
of multiple sclerosis. 


Summary 


The cholesterol and cholesterol ester content of 
the cerebrospinal fluid was determined in six normal 
individuals, 13 patients with multiple sclerosis, and 
34 patients with other neurological diseases. While 
levels of free and esterified cholesterol were raised 
in the cerebrospinal fluid of patients with a variety 
of neurological diseases, only multiple sclerosis 
patients were characterized by a proportion of ester 
which was over 60° of the total cholesterol. This 
finding correlates well with previous investigations 
of demyelinated tissue by Cumings. It is concluded 
that the determination of the percentage of esterified 
cholesterol in the cerebrospinal fluid is a promising 
adjunct in the diagnosis of multiple sclerosis. 
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ACUTE DEMYELINATING DISEASE COMPLICATING 
HERPES ZOSTER 
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Judging by the literature on the subject of the 
central nervous complications of herpes zoster, 
demyelination seems rare as a sequel. Up till 1945 
Gordon and Tucker could find no recorded case in 
the few necropsy reports on encephalitis or myelitis 
complicating this infection. Nor have we been able 
to trace any proven case in the recent literature. 
This seems all the more remarkable since an early 
stage of a perivenous demyelinating encephalo- 
myelitis is by no means a rare complication of 
varicella (Miller, Stanton, and Gibbons, 1956). 

In the following two cases there were clinical 
grounds for believing that a demyelinating type of 
reaction was present. 


Case Reports 


Case 1.—T. Sano, a woman, aged 25, was admitted 
to the Third Department of Internal Medicine, Tokyo 
University, on March 16, 1956, under the care of Pro- 
fessor S. Okinaka. The following history was obtained. 
In the middle of February, 1956, a widespread herpetic 
eruption appeared, extending from the right costal 
margin upwards to the neck and involving the right arm. 
Two weeks later she noticed urgency and frequency of 
micturition. On March 12 numbness was felt around 
the lower ribs and quickly spread upwards to the chest 
and arms and downwards to the abdomen and lower 
limbs, which by February 14 had become weak. On the 
next day she developed urinary and rectal incontinence. 
When admitted on March 16, she was dyspnoeic. The 
neck was slightly stiff. The cranial nerves were normal. 
All four limbs were markedly weak and a sensory level 
at C.4 was obtained. The deep reflexes were depressed 
whilst both plantar responses were extensor. The 
cerebrospinal fluid contained 26 cells per c.mm. and 
40 mg. per 100 ml. of protein. 

A diagnosis of acute myelitis due to the virus of herpes 
zoster was made. She was treated with prednisolone, 
A.C.T.H., and acromycin. After 10 days, power had 
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returned to the limbs and at the end of a further five 
days sensation was normal, except in the left hand. 
Sphincter control was regained by the end of six wecks. 
On May 17 she was discharged fully recovered. 


First Relapse.—Early in December, 1956, she com- 
plained of giddiness, vomiting, and numbness of the 
left hand. The symptoms passed off after a few days 
but returned again on December 19 with hiccough. 
Prednisolone was given without effect. Three days 
before readmission on December 19 double incontinence 
recurred. 

Examination showed hyperaemia of the optic discs, 
well marked lateral nystagmus, hyperaesthesia, and 
weakness of the left upper limb, bilateral cerebellar 
ataxia, and exaggeration of all deep reflexes, left more 
than right. 

The diagnosis now seemed to lie between disseminated 
encephalomyelitis and multiple sclerosis. The response 
to prednisolone, 10 mg. daily, was satisfactory. By 
December 25 incoatinence had cleared up and other 
symptoms had improved. By January 16, 1957, the only 
abnormal signs were nystagmus and sensory disturbance 
in the left hand. Prednisolone was discontinued. 


Second Relapse.—Early in February, 1957, she again 
became ataxic and _ incontinent. Prednisolone was 
re-started and by the end of the month she had begun 
to improve. On April 14, when the drug was discon- 
tinued, all signs had cleared except nystagmus and sensory 
loss in the left hand. , 


Third Relapse-—On April 21, 1957, incontinence 
returned with headache and generalized itching. On 
April 27 knee and ankle jerks were all diminished. 
Prednisolone, 20 mg., was started again and within five 
days sphincter control had improved. The dose of 
prednisolone was gradually reduced, except for a few 
days when incontinence returned. The drug was finally 
stopped at the beginning of October. 


Fourth Relapse.—Ten days after the discontinuation 
of prednisolone, incontinence returned and was accom- 
panied by mild fever, abdominal discomfort, and neuralgic 
pains which spread to the chest and upper extremities 
with some weakness of the hands. Prednisolone was ¢t 
once resumed and was continued in a dose of 7:5 mg. 
By the end of May, 1958, 5,457 mg. had been given. 

Apart from a return of mild bladder symptoms !or 4 
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inight in June, 1958, she had no relapse till December 
hat year. Prednisolone was discontinued on November 
1958. 


‘ase 2.—R. Nakano, a high school girl, aged 14, was 
apparently in good health until January 15, 1958, when 
noticed a rash over the right upper chest. Two days 
r she felt tired but on the following day went to a 
‘ma. During the performance she saw double and by 
the next morning her family noticed that she squinted. 
She consulted an ophthalmologist who found bilateral 
puesis of the internal rectus muscle. During the next 
fe. days vision deteriorated in the left eye. Both hands, 
th. abdomen, and lower limbs felt numb, the right leg 
became weak, and she was unsteady when walking. 

She was admitted to the Neuropsychiatric Depart- 
ment of Kumamoto University under the care of Pro- 
fessor K. Miyagawa on January 24. Temperature was 
normal. She was drowsy but normally orientated and 
cooperated well in the examination. Slight neck stiffness 
was present but she denied headache. A crusted herpetic 
eruption was seen in the distribution of the right third 
dorsal segment. The fundi were normal, but with the 
left eye she could only count fingers, and the left pupil 
responded sluggishly to light. There was paresis of 
conjugate movement to the left and of both internal recti 
with impairment of upward movement of both eyes. 
Nystagmus was present to the right and vertically. The 
corneal reflexes were brisk and sensation was normal on 
the face. A slight right facial weakness of peripheral 
type was present. The remaining cranial nerves were 
normal. 

In the upper limbs both hand grips were weak, left 
more than right, fine movements were clumsy and a 
marked degree of cerebellar ataxia was present on 
finger-nose testing. Hypaesthesia was noted in the fingers 
of both hands with a mild degree of postural loss and 
faulty two-point discrimination. Hyperpathia was pre- 
sent over segments C.2 and 3 and D.2 and 3 with impair- 
ment of all forms of sensation below D.4 and gross 
postural loss in the toes of both feet. The abdominal 
reflexes were absent. There was slight loss of power in 
both lower limbs, particularly the right. Deep reflexes 
were depressed in the upper but exaggerated in the lower 
limbs, with the exception of the right knee jerk which 
was depressed. Both plantar responses were extensor. 

Since the clinical picture suggested an acute demyel- 
inating process, treatment with cortisone, 25 mg. four 
hourly, was begun. 

On January 30, the patient was more alert. Neck 
stiffness was less marked. Vision in the left eye showed 
perception of light only; right eye 0-4 (normal 1-2). 
There was complete paresis on conjugate movement to 
the left. Hand grips were both weaker, there was no 
voluntary movement of the right leg and early paresis in 
the left leg. Urine was being retained now. By January 
31, vision in the right eye and power in the left leg had 
further deteriorated; otherwise her condition was un- 
changed. Cortisone was increased to 200 mg. By 
Fe>ruary 3, both pupils were dilated, and she could only 
count fingers with the right eye; vision in the left eye was 
unchanged. Paresis of the upper limbs was more marked. 
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Postural loss in the joints of the right arm up to and includ- 
ing the elbow and in the left arm in the fingers and wrist 
joints was complete. Sensory level was now D.1 on the 
left side. Paraplegia was now complete except for feeble 
extension at the left knee. Postural loss was found in all 
joints in both lower limbs (hip joints not tested). Slight 
progression of symptoms during the previous three days 
was noted on February 5. The left upper limb reflexes 
were absent, with complete paraplegia and postural loss 
in the lower limbs. On February 8, prednisolone, 20 mg., 
was given in addition to cortisone, 150 mg. 

On February 17, slight improvement was noted. 
Hand movements were appreciated with the left eye, 
and nystagmus was less marked. Both hand grips were 
stronger. The sensory level was now D.4. Power had 
slightly returned to the left knee but postural loss in 
both lower limbs remained complete. Cortisone was 
reduced to 100 mg. on February 14. 

Despite the development of a sacral decubitus the 
patient continued to improve. By the end of March she 
was able to read, ocular movements had returned to 
normal, and nystagmus was minimal. Apart from a mild 
degree of residual weakness in both hand grips and 
faulty two-point discrimination in the fingers, the upper 
limbs were normal. A sensory level was no longer found 
on the trunk. In the lower limbs a mild spastic para- 
paresis, superficial sensory loss, and postural loss at the 
ankles and toes remained. Bladder control returned. 


After débridement, the sacral sore began to heal. From 
February 14 the dose of cortisone was progressively 
decreased and finally stopped on March 2. Prednisolone, 
10 mg., was continued for a further four days, the total 


amount given being 410 mg. and of cortisone 3,725 mg. 

On May 21, 1958, examination by Dr. S. Seguchi 
showed the following:—Vision both eyes 1:2 (normal); 
no nystagmus; ocular movements were full. Power, 
reflexes, and sensation were normal in the upper limbs, 
without ataxia. Slight weakness of the right lower limb 
persisted; knee jerks were within normal limits but the 
right ankle jerk was exaggerated with unsustained 
clonus. Both plantar responses were early extensor. 
Bladder control was normal. The bedsore was nearly 


healed. The patient could walk several hundred metres 
without support. 


Discussion 

In the first of these two cases, two weeks after an 
attack of herpes zoster, frequency and urgency of 
micturition followed by an acute myelitis naturally 
suggested virus as a cause. Seven months later a 
severe relapse raised the question of a demyelinating 
disease, a diagnosis later confirmed by further 
relapses. In this patient any attempt to decide the 
issue as between acute disseminated encephalo- 
myelitis and multiple sclerosis on purely clinical 
grounds must take into consideration a number of 
facts, some relating to the case itself and others to 
certain aspects of the natural history of these closely 
related conditions. 


When relapses occur in the months or years after 





122 


an attack of acute disseminated encephalomyelitis 
there can be three explanations (van Bogaert, 1950). 

First, as a result of the original infection, the 
nervous system becomes sensitized and a subsequent 
exanthem or other type of infection may lead to a 
reactivation of the same lesion or may even cause a 
new and possibly fatal attack of encephalomyelitis. 
The second explanation assumes that the original 
illness represented the acute onset of multiple 
sclerosis. Lastly, in rare cases, it seems possible 
that multiple sclerosis may become grafted on to a 
previous attack of perivenous encephalomyelitis. 

In our first case the latent interval of seven months 
before the first relapse, the clinical evidence of fresh 
lesions during this relapse in the form of giddiness, 
vomiting, and cerebellar ataxia, and lastly further 
relapses, seem to favour a diagnosis of multiple 
sclerosis, either grafted on to an attack of perivenous 
encephalomyelitis or arising ab initio. However, it 
is also possible that the case falls into the first of 
van Bogaert’s categories as an example of relapsing 
or chronic disseminated encephalomyelitis. In 
addition to neck stiffness, some support for this 
diagnosis comes from a consideration of the response 
of the patient to cortisone and prednisolone. There 
is evidence from the literature that cortisone or 
A.C.T.H. may favourably influence the course of 
acute disseminated encephalomyelitis. For example, 
Miller and Gibbons (1953) observed marked 
improvement in eight cases so treated. On the other 
hand, cortisone or A.C.T.H. appear to have little 
effect on the course of multiple sclerosis, a con- 
clusion first reached by Glaser and Merritt (1952) 
after treating 33 chronic cases. 

Of more importance is the effect of this treatment 
in acute cases or in those which have recently 
relapsed. In the small series of seven cases of 
multiple sclerosis reported by Miller and Gibbons 
each had recently developed an acute episode with 
some objective disability. No patient who showed 
any evidence of spontaneous improvement was 
treated. They reported that the results were “pro- 
foundly disappointing’, the only definite change 
being a decrease in spasticity and an improvement 
in bladder function as previously observed by Glaser 
and Merritt. Alajouanine, Castaigne, and Lhermitte 
(1956) treated 31 cases with cortisone, 21 with an 
oral preparation and 10 by intrathecal injection. 
In 11 out of 14 patients who showed improvement, 
the disease was of recent origin and, with one 
exception, there had been a recent relapse. Neither 
cortisone nor A.C.T.H. had any effect in a rapidly 
progressive case dying within six months nor in 
another subacute case. In none did they observe a 
spectacular improvement with this form of treatment 
and they concluded that, when it did occur, it might 
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have been due to a spontaneous remission. Pc stel 
and Cossa (1955) reported the case of a wornan 
aged 20, who in the course of two years had many 
relapses and finally became severely disabled with 
ocular pareses, severe ataxia, complete paraplegia, 
and retention of urine. At that stage cortisone was 
given in doses ranging from 100 to 200 mg. daily: 
A.C.T.H., 10 to 20 units daily, was given during 
quiescent periods. This régime was followed for 
13 months, the patient receiving a total of 8,000 
units of A.C.T.H. The authors state that cerebellar 
and vestibular signs cleared completely except for 
nystagmus, power returned to the lower limbs, the 
plantar responses became flexor, and she was able 
to lead a normal life. Treatment was maintained by 
means of a daily dose of 10 units of A.C.T.H. Ina 
later paper, Cossa, Postel, Bochot, Camuzard, and 
Tartar (1956), improvement was reported in three 
out of five cases of multiple sclerosis similarly 
treated but they consider that this result might have 
occurred independently of treatment. 

From these reports and a few others in the recent 
literature, it appears that, as a rule, neither cortisone 
nor A.C.T.H., when administered in the usual way, 
has any appreciable effect on acute episodes of 
multiple sclerosis. Exceptionally, however, the 
administration of large doses of these drugs, or of 
prednisolone, and their continuation in the form of 
a maintenance dose may be of benefit. 

In Case | recovery from relapses coincided with 
the administration of prednisolone. On _ three 
occasions when the drug was withdrawn a relapse 
shortly followed. Finally when she was given a 
maintenance dose of 10 mg. daily no relapse occurred 
over a period of nine months. 

Turning to the second case, the diagnosis might, 
at first glance, appear relatively straightforward, the 
association of bilateral blindness with an acute 
myelitis favouring neuromyelitis optica. This 
diagnosis, however, has no precise nosological status, 
and is used somewhat indiscriminately. On the one 
hand, we find cases included under this heading 
which, judged by the clinical and sometimes patho- 
logical evidence, are clearly examples of multiple 
sclerosis, whereas in a minority the same picture 
may be caused by acute disseminated encephalo- 
myelitis. In the past, undue emphasis has been 
placed on the rarity of acute retrobulbar neuritis in 
this form of demyelinating disease. However, in 
their recent report on nine fatal cases of encephalo- 
myelitis following preventive inoculation against 
rabies, Uchimura and Shiraki (1957) stress the 
relative frequency of visual symptoms. In ‘two 
patients demyelinating lesions were found in the 
optic chiasm or nerves and in three others in the 
optic tract or at other levels of the visual pathw«ys. 


, 





ACUTE DEMYELINATING DISEASE COMPLICATING HERPES ZOSTER 


A!.hough in distribution and form many of the 
dc nyelinated areas resembled those of multiple 
sci-rosis, particularly in those patients who had 
sur ived some months, the authors concluded that 
the essential condition was one of disseminated 
enc-phalomyelitis. It seems likely that in the 
Jap nese race, the optic nerves and chiasm are 
spe ially vulnerable in the demyelinating diseases. 
Fo: example, Okinaka, Tsubaki, Kuroira, Toyokura, 
Imamura, and Yoshikawa (1957) state that in 270 
cascs Of demyelinating disease reported in Japan 
during the past 50 years, 175 were diagnosed as 
probable or possible neuromyelitis optica and this 
diagnosis was confirmed in each of the 18 cases 
which came to necropsy. In only 66 cases was the 
diagnosis of multiple sclerosis made or suspected. 
Even when allowance is made for a bias towards 
the diagnosis of neuromyelitis optica owing to the 
reputed rarity of multiple sclerosis in Japan, the 
above ratio is impressive, being quite the reverse of 
that found in the western hemisphere. 

From the foregoing it is clear that acute dissemin- 
ated encephalomyelitis offers an alternative explana- 
tion of the clinical picture shown by our second 
patient, more especially in view of the presence of 
neck stiffness at the onset, the associated brain-stem 
signs, and the response to prednisolone. 

Finally, if in our two patients the primary role of 
herpes zoster be admitted, a further reason can be 
added to those already given in favour of a diagnosis 
of acute disseminated encephalomyelitis, namely the 
extreme rarity with which multiple sclerosis (or 
neuromyelitis optica) has followed a post-exanthe- 
matous form of encephalomyelitis. 

However, our attempt to reach a precise clinical 
diagnosis, particularly in Case 1, seems unnecessary 
in the light of a recent article by Ferraro (1958) on 
the subject of multiple sclerosis. He concludes that 
there are no appreciable differences, clinical or 
pathological, between acute multiple sclerosis and 
the acute and subacute varieties of post- 
exanthematous, post-vaccinal, and post-infectious 
encephalomyelitides. | Furthermore, he proposes 
that multiple sclerosis should be labelled as the 
chronic variety of disseminated encephalomyelitis. 
“Multiple sclerosis may then represent the chronic 
stage of an acute disseminated encephalomyelitis and 
not a transformation of a disease into another one.” 
In support of this thesis he cites inter alia the occur- 
rence of abortive or monosymptomatic forms of 
multiple sclerosis with permanent recovery, the lack 
of any clinical data which allow a distinction to be 
made between acute disseminated encephalomyelitis 
and acute multiple sclerosis, and the lost importance 
of relapses and remissions in the diagnosis of multiple 
sclerosis, since these may occur in various types of 
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disseminated encephalomyelitis. While there would 
be general agreement with the concept, supported by 
Dawson in 1916, that multiple sclerosis is basically a 
form of encephalomyelitis, some of the reasons put 
forward by Ferraro for the unification of these forms 
of demyelinating disease are open to criticism. For 
example, he tends to quote exceptional cases from the 
literature to prove his point, while minimizing those 
clinical differences that are known to exist between 
them, for example, the comparative rarity of 
relapses following the post-exanthematous and post- 
vaccinal types of acute disseminated encephalo- 
myelitis compared with their commonplace occur- 
rence in multiple sclerosis. It is true that cases are 
occasionally met with which tend to support his 
thesis (our first provides an excellent example), but 
these are comparatively rare. Ferraro’s concept of an 
“‘infectious-allergic”’ or ‘‘toxic-allergic’’ pathogenesis 
of acute and chronic encephalomyelitis (multiple 
sclerosis), which is an elaboration of his earlier work 
(1944) on the allergic origin of the demyelinating dis- 
eases, is in keeping with recent thought on this subject. 

However, until specific antigens or antibodies have 
been discovered, and the immunochemist has deter- 
mined their inter-relationship in the various forms 
of encephalomyelitis, there seems little justification 
for the eclipse of multiple sclerosis as a clinical 
entity even though the term fails to describe the 


primary pathological feature of the disease. 


Summary 
A clinical account is given of acute demyelinating 
disease in two Japanese subjects, following an 
attack of herpes zoster. The first case was character- 
ized by relapses and the second by the association 
of bilateral blindness with an acute myelitis. Both 
responded to prednisolone. They are discussed from 
the point of view of multiple sclerosis and acute 

disseminated encephalomyelitis. 


We are indebted to Professor S. Okinaka and Professor 
F. Miyagawa for permission to publish these cases. 
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PROSOPAGNOSIA 
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B. BORNSTEIN and D. P. KIDRON 


From the Department of Neurology, Beilinson Hospital, Petah Tiqva, Israel 


“And what is the nature of this knowledge or recollection? I mean to ask, Whether a person, who having 
seen or heard or in any way perceived anything, knows not only that, but has a conception of something 
else which is the subject, not of the same but of some other kind of knowledge, may not be fairly said to 


recollect that of which he has the conception?” 


“And when the recollection is derived from like things, then another consideration is sure to arise, which 


is, Whether the likeness in any degree falls short or not of that which is recollected?” 


of Plato”’ Phaedo (the Jowett translation). 

Does visual agnosia-exist in a partial or isolated 
form, in which certain qualities only are affected, 
as opposed to generalized visual agnosia? Many 
workers cast doubt on this concept, maintaining 
that partial visual agnosia is no more than a com- 
bination of defects in vision, memory, and orienta- 
tion, appearing together. 

The clinical elucidation of partial visual agnosia 
is likely to be affected by the patient’s intellectual 
capacity, his mental state at the time of examination, 
and his ability to cooperate without being influenced 
either by fatigue or by suggestion on the part of 
the examiner. 

Critchley (1953), one of the leading workers in 
this field, states critically that “it would be dangerous 
to claim that a particular visual agnostic defect can 
occur in isolation’’. 

There are some who consider visual agnosia as a 
patho-physiological optical problem derived from 
an organic lesion in the visual pathways, more 
especially the visual centres. Others maintain that 
visual agnosia is merely a mental disturbance which 
prevents the patient from evaluating properly and 
integrating into the general mental visual picture 
the various optical impressions, thus affecting the 
level of awareness. 

Between these two extreme views is the more 
moderate one which holds that a physiological 
optical disturbance is associated with mental upset. 
Bay (1952, 1953) subscribes to this view, saying 
that visual agnosia is not in itself a specific cerebral 
disturbance but one where visual pathway defects 
are allied to mental disturbances. (Jung, 1954, who 
appraised Bay’s book Agnosia and Lability of 
Function stated “the author wrote a book about 
agnosia in order to show that agnosia is a scientific 
phantom’’.) Bay described the disorders as fine 
defects in the visual system in the form of distur- 
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bances in sensation time, in adaptation time, in 
visual acuity, and in brightness discrimination. 

Ettlinger (1956) rejected Bay’s contentions. After 
analysing 30 cases of head injury, he showed that 
some patients had neither field nor perceptual 
defects, others had field but not perceptual defects, 
and only in eight of the 30 patients were field and 
perceptual defects found together. It is true that 
visual agnosia is frequently associated with homony- 
mous hemianopsia, but despite this there are cases 
of hemianopsia without gnostic defects. 

There is a special type of visual agnosia called 
prosopagnosia which means inability to recognize 
and identify known faces. The number of cases of 
this condition described is small. Heécaen, 
Angelergues, Bernhardt, and Chiarelli (1957) col- 
lected 25 cases described in the literature since 1932. 
In addition to the prosopagnosia, all the patients 
except two showed various psychosensory distur- 
bances as well, such as unilateral agnosia of space, 
constructive apraxia, loss of topographical memory, 
alexia, acalculia, and in a few, optical disorders. 

The case history that follows is unusual in that 
we were able to follow up the dynamic development 
of the symptoms of which prosopagnosia was 4 
marked feature. In the early stages of the illness 
topographical disorientation, slight simultanagnosia, 
and achromatopsia were also found. 


Case Report 

A.G., a man, aged 64, was formerly a merchant, and 
now is a clerk. He has two grown up children. He has 
completed high school, speaks, reads, and writes five 
languages, and is right handed. He was well till five 
years ago, when he woke up suddenly from his sleep one 
night because of severe dizziness. He got out of bed and 
immediately fell to the floor, where he remained uncon- 
scious for some minutes. The following morning he felt 
completely well and carried on with his usual work. No 
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_ should anything happen to him meanwhile. 
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{.rther details are available concerning this episode. His 
f. mily did not notice any particular change in him. Two 
ycars later, when aged 61, he was again awakened at 
nicht by severe dizziness and a feeling of pressure in the 
he id. He lost consciousness for some minutes and on 
recovering, suffered from headache for the next 24 hours. 
He felt quite well two days later and returned to work: 
there were no paralyses, no speech disturbance, no visual 
defect, and no loss of orientation. 

The present illness began five days before his admission 
to ospital. The patient woke up with severe frontal 
headache which lessened somewhat during the next three 
hours. He had an appointment at noon of the same day 
and caught a bus in order to get there but on the way his 
headache increased and he decided to go home instead. 
He alighted from his bus as he had to change his route 
and on his way to another bus stop, on a road well 
known to him, he felt all of a sudden that the whole 
area appeared strange. He knew where he was and could 
not account for it. He managed to cross the road—he 
knew he had to do that—and boarded the correct bus in 
order to reach home. He paid his fare and received a 
ticket. The route, obviously well known to him, appeared 
strange and for a time he thought he had caught the 
wrong bus. He became anxious, gave the driver his 
address and asked him to see that he reached home 
When he 
thought that he had reached his stop he alighted, but 
not because he recognized the surroundings, which 
appeared unfamiliar to him, but because he estimated 
that sufficient time had elapsed in order to arrive at it. 
He remembered these details clearly. He also remembered 
that while on the bus he found it difficult to distinguish 
men from women passengers. After getting off the bus, 
“I stood in the street and asked passers by how to get to 
my home. I gave them my address and carried on in the 
direction indicated.” After walking for about five 
minutes, the approximate time needed to reach his home, 
he could not find it. He again turned to passers by who 
told him to cross the road as the required number was 
on the opposite side of the street. “Il eventually reached 
home, and though I knew it was my home, it seemed 
Strange to me.” He opened the door, entered the flat 
which he knew was his, but the room, furniture, and 
pictures appeared different. 


“The first thing I did was to go to the bathroom to 
wash. I looked in the mirror and saw a strange face. 
| put a cold compress on my forehead and as far as I 
remember, lay down for about three hours. Perhaps 
| slept. When I woke up I walked about the flat and 
noticed that the landscapes on the wall seemed covered 
by mist. I didn’t pay any attention to the portraits.” 


The patient's wife was overseas at this particular time 
and his son lived elsewhere. He decided to go to the 
Post office in order to telegraph his family. 


“The road seemed completely strange to me though 
I knew it well. I asked directions from people in the 
Street a number of times but felt I couldn’t carry on. 
| turned back to see my doctor who lives opposite me 
and who has known me for years. I saw in my mind’s 


eye the doctor’s house, the steps leading to his flat, 
but I couldn’t find it. I wandered up and down the 
stairs in a few houses till I saw the doctor’s plate on 
one of the doors. A women opened the door but I 
didn’t know who she was till I heard her say ‘Come in 
Mr. G.’. I then realized that she was the doctor’s 
wife. The doctor examined me and advised me to go 
to hospital. I remember that he measured my blood 
pressure and gave me a prescription. As I knew I was 
in Dr. A’s surgery I didn’t pay any attention to his 
face and didn’t notice anything wrong in particular. 
It was already dark and I reached home with dif- 
ficulty.” 


The events of the next two days are not clear. The 
patient said he had headaches and noticed for the first 
time that he did not see well with his left eye. He 
remembered reading the paper, but with difficulty. He 
understood what he read and could recall the items 
later. 

The next day his son came to visit him. The patient 
did not recognize him and only realized who it was when 
he spoke. He returned to Dr. A. together with his son, 
and in his own words “I wouldn’t have recognized the 
doctor if I hadn’t known where I was going”. 

He was referred to an eye specialist and on the way to 
the latter’s consulting rooms found that the streets and 
buildings appeared strange and unfamiliar. He remem- 
bered being examined by the eye specialist for more than 
half an hour, an instrument was used (apparently a 
perimeter), and he was asked to read. He had no difficulty 
in recalling these details but could not remember the 
doctor’s face nor anything else about him that would 
help in describing him, such as his height, colour of hair, 
or facial features. 

Till his admission to hospital 24 hours later he remained 
in the care of his son, which was a great relief to him as 
he was still disorientated. Though on the whole his flat 
still appeared unfamiliar to him the colour of the walls 
and the pictures on the walls partially regained their 
former clarity. 

The drive to the hospital, along a route well known to 
him, appeared strange. “I knew from memory what to 
expect along the way—the various turnings, buildings, 
and landmarks, but when I passed these points they 
seemed different to what I had imagined.” 

The patient was admitted during the afternoon and 
was examined within a few hours. He was orientated 
for time and place. He complained of headache and 
difficulty in seeing objects, especially those to his left. In 
particular, he found difficulty in appreciating the facial 
features and expressions of people he had known for 
some time. The same thing was noticed in the ward. 
The patient was in constant contact with three doctors 
but for the first few days he was unable to distinguish 
one from the other. Later he reported that he had found 
a way out of the difficulty. ‘“‘One is very tall, another has 
a moustache and wears glasses, and the third has neither 
glasses nor a moustache.” He learnt to distinguish the 
doctors by their voices. “As soon as I hear your voice I 
know who you are and can tell you apart from your 
colleagues.” During his first few days in hospital it took 
some minutes to recognize the various voices. He was 
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also unable to recognize the nurses. “They all looked 
alike’ and usually he addressed them wrongly. He 
learnt to overcome this problem by associating a particular 
nurse with her duty shift. Six days after his admission 
he accosted a visiting doctor in his ward and spoke to 
him as if he were his own doctor. When asked about this 
later he said “‘but they both wear glasses’’. 

His son visited him every day and he only recognized 
him when he sat down next to him and spoke, but after 
a few days he learnt to recognize him by his walk as well. 
With regard to other relations, he was able to distinguish 
them after some minutes of conversation. The patient 
reported that frequently during conversation, a face 
familiar to him suddenly lost its clarity. 


“If three people I know sit opposite me, after talking 
for a few minutes their faces very often become blurred 
and lose their individual characteristics and I no 
longer know to whom I am talking. I have to con- 
centrate very hard in order to tell them apart and this 
gives me a headache.” - 


During the early part of the patient’s period in hospital 
he was referred back to the eye specialist who had 
examined him originally. The doctor remarked that he 
knew him as he had examined him a few days previously. 
The patient replied “I beg your pardon, but you are 
mistaken. I’m seeing you for the first time and you 
have never examined me before”. During the examina- 
tion the patient exclaimed “I am very sorry. Yes, yes, I 
know you now, you did examine me before because that 
same instrument (perimeter) is in exactly the same 
position on your table as it was before, the last time I 
was here’. During this period there was no spatial 
disorientation. The patient knew the layout of the beds, 
the rooms, lavatory, dining-room, doctors’ room, and 
hospital grounds. In walking about the grounds he could 
describe the various flowers he saw, could differentiate 
their colours, but regarding the sun and heavens, he 
repeated time and again that they were blurred. 


Neurological Examination.—A full examination was 
made on August 6, 1957. 


Eyes.—Left homonymous hemianopsia with macular 
sparing. Visual acuity 6/9 and 6/6. 


Ears.—Vestibular and cochlear function normal. 


Limbs.—Power, sensation, and reflexes were normal, 
but ataxia was detected. Abdominal reflexes were normal, 
and pathological reflexes were noted. Gait was normal. 

Other clinical findings were: Blood pressure 160/95 
mm. Hg, E.S.R. 25/50, blood picture normal. The 
heart showed left ventricular hypertrophy radiologically. 
Anelectrocardiogram was normal, and the lungs appeared 
normal. 


An electroencephalogram was within normal limits. 

Lumbar puncture showed cells 4/3, protein 51 mg. per 
100 ml. mastix negative. 

Wassermann and Kahn reactions were negative. 

The basal metabolic rate was —2. 


Patient’s Behaviour in Hospital.—He felt well and was 
emotionally stable. He had normal contact with his 
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surroundings and showed the same interest in hospital 
life as other patients. His only and repeated comp) ints 
were severe headaches of varying intensity and ina} lity 
to recognize faces whether those of other patients 5 of 
visitors. He tried to distinguish people by other char: cter- 
istics such as walk, dress, hair style, and so on. He had 
insight into his condition. 


Psychosensory Examination.—The delivery, rate, and 
intonation of speech was normal. Articles shown him 
were named correctly and described in detail without 
error. Size of object or distance from the eye made no 
difference. 

All commands were carried out correctly and without 
delay. 

The patient read without difficulty printed and written 
texts both in Hebrew and Latin script. His diction and 
locution were satisfactory. He could tell the time and 
move the watch to any desired hour. 

He wrote easily and correctly both in Hebrew (from 
right to left) and Latin (left to right) scripts. There was no 
difference between spontaneous writing and writing to 
dictation. 

When asked to cross out certain letters in the script 
given him he did so without difficulty and without 
making any mistakes. In sentences where words or 
letters were missing, he completed the text correctly. 

Calculations, both easy and hard, were performed 
without difficulty whether by memory or on paper. 
When adding, the figures were aligned correctly below 
one another. 

Simple geometric patterns such as a square, oblong, 
triangle, or star were drawn properly on the blackboard. 

Faces were drawn in detail but in rather primitive 
fashion. However, the patient admitted to never being 
able to draw faces well. 

Animal pictures were distinguished correctly even if 
part of the picture was covered. 

Pictures showing national costumes, scenes, maps, 
emblems, stamps, road signs, and so on, were correctly 
interpreted. 

When shown pictures depicting action, for example, 
a policeman directing traffic, the patient was unable to 
indicate the meaning or intent of the picture. He saw a 
number of cars, recognized the policeman, mentioned a 
child crossing the road, but could not grasp the theme 
intended. When pressed, he said ‘something is obviously 
happening here but I don’t know what”. Similar dif- 
ficulties were encountered when shown other pictures 
depicting action or motivation, or others with allegorical 
or humorous indications. As time went on his interpre- 
tation of pictures improved, but the time taken for this 
was not in proportion to the difficulties of the test nor 
were his answers given with certainty. Sometimes he was 
non-committal and gave more than one answer to the 
same problem. Four weeks after admission, picture 
interpretation became normal in all respects. 

In the early days of his stay in hospital he went to the 
cinema, but left the hall after a few minutes. “I saw 
people but couldn’t understand what was going on” he 
said. One month later he had no difficulties whatsoever 
when watching the screen. 
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Fic. la to d, —Fields of vision at various dates. 


No disturbances in praxis were noted at any time. The 
disorders in topographical memory passed off gradually 
within a few days of his admission to hospital. While 
in hospital no disturbance in colour sense was noted, but 
apparently it did exist before that time, for “everything 
| saw appeared grey and the sky always seemed cloudy. 
The sun looks dirty to me”’. 

Revisualization of colours did not suffer at any time nor 
was there any disturbance in body schema awareness. 
He differentiated between right and left and between 
his own and other bodies. Finger gnosis was normal 
and there was no disturbance in time estimation. 

The main defect was inability to recognize faces, 
whether living or from pictures. He did not recognize 
Pictures of famous personalities that he would be 
expected to know such as portraits of Hitler, Stalin, 
Khrushchev, or Ben Gurion. If given a picture upside 
down he corrected the position but still was unable to 
Say who it was. Caricatures also had no meaning for 
him. There was no difference whether the portrait was 
full face or profile. When he was shown a picture of 
Kosciuszko, a Polish national hero, which he could not 
but know, he recognized it immediately and said “every 
child knows this—he has such a typical cap that one can 
recognize him immediately”. 

When asked to describe certain parts of the face, such 


as the mouth or ears, he did so without difficulty. 
Revisualization of people known to him was normal; 
the same applied to buildings or objects which he had 
previously seen. 

In hospital he read the paper, took an interest in daily 
events, and showed no objective evidence of mental 
deterioration. 

Neurological examination 10 days after his admission 
showed a field defect now limited to the upper left quad- 
rants, a normal E.E.G., and a blood pressure of 170/110 
mm. Hg. The patient refused pneumoencephalography 
and was subsequently discharged remaining under weekly 
supervision in the out-patient department for the next 
11 months. 

According to his wife, the patient returned to his 
former post and carried on without encountering any 
particular difficulties. He travelled about alone and was 
completely orientated. The difficulty in recognizing faces 
rersisted but to a lesser degree and he still found it hard 
at times to tell who was greeting him in the street. 
Three months after the onset of the illness a neighbour 
whom he had known for years asked him a question. 
He replied that he did not know her but as soon as he 
recognized her voice he begged her pardon and explained 
that he was not wearing his glasses and could not see 
clearly in the twilight. 
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An interesting episode occurred after he had left 
hospital, when the doctor who had treated him in the 
neurological ward met him in the street. The doctor 
walked alongside him for nearly five minutes. The 
patient looked at him frequently but did not recognize 
him. Finally the doctor asked him how he was. The 
patient stopped and said “Your face is so familiar’ and 
paused. Then he continued, “I recognize you now—in 
hospital you don’t wear a hat.” 

His wife stated that when they were expecting guests, 
he always asked beforehand who they were. Four 
months after the onset of the illness he still had difficulty 
in recognizing faces. He said, “I see people and not 
individuals, but as soon as they speak or make some 
movement I know who’s who.” As time passed on and 
with repeated examinations this difficulty in recognizing 
faces was the only defect found persisting. 


Summary of Clinical Findings 


1. In the early stages of the illness prosopagnosia 
was associated with topographical disorientation, 
simultaneous agnosia and achromatopsia, all of which 
passed off gradually. Six months after the onset of the 
illness the prosopagnosia had declined to a great extent. 

2. No intellectual deterioration was noted at any 
time nor was any change seen in his critical faculties or 
memory. 

3. The only neurological finding early on was 
homonymous hemianopia which soon shrank to a left 
upper quadrant defect. The last examination performed 
on September 9, 1958, disclosed that the hemianopic 
defect had shrunk still further (Fig. 1d). The boundaries 
of the peripheral fields are now normal. There is a dense 
left upper quadrantic paracentral scotoma of a type 
which indicates a lesion of the lower lip of the calcarine 
cortex. 


Discussion 


From a review of the literature it appears that 
pure prosopagnosia is rarely found as an isolated 
phenomenon. It is usually associated with other 
findings, such as object agnosia, alectic and apractic 
disturbances, and optic disorders. Our case resembles 
that described by Pallis in 1955. The latter’s patient 
suffered from mitral stenosis and developed an 
embolus in the right posterior cerebral artery, 
which was later confirmed by vertebral arterio- 
graphy. This patient showed prosopagnosia and 
achromatopsia. Topographical memory and facial 
revisualization were preserved as in our case. An 
additional finding was a noncongruous homonymous 
sector defect in the left upper quadrant and absolute 
scotomata in each field on both sides of the vertical 
meridian. 

There is also some similarity to Hoff and P6tzl’s 
patient, described in 1937, who showed proso- 
pagnosia together with colour disturbance, and to a 
lesser extent object agnosia and spatial disorientation. 
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Klein and Stack (1953) reported on a patient who. 
after a vascular lesion, developed prosopa; nosia 
with inability to interpret pictures, disturba: 2e in 
topographical memory, inability to identify co ours, 
and also had a left upper quadrantic field def ct. 

In the same year Alajouanine and his co-workers 
published a report of progressive cerebral atrophy 
in a man of 56, with transient left hemianopsia, who 
three and one half months later developed proso- 
pagnosia (Alajouanine, Lhermitte, Sabouraud, and 
de Ribeaucourt (1953). The patient found it difficult 
to distinguish male from female faces and to 
estimate age by observing a face. In addition this 
patient was unabie to recognize colours and suffered 
from simultanagnosia. 

Between the years 1947 and 1955 Faust collected 
seven cases of cerebral trauma which were clinically 
similar to the picture of prosopagnosia described 
above, six of which also showed alexial disturb- 
ances (Faust, 1951, 1955). 

Hécaen’s two patients (1956) were operated on by 
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Penfield in order to remove epileptogenic foci in the | 


right parieto-occipital area. Post-operative proso- 
pagnosia developed, together with other gnostic and 
practic disturbances (Hécaen, Penfield, Bertrand, 
and Malmo, 1956). 

In other fairly similar cases reported the appre- 
ciation of prosopagnosia was difficult owing to the 
presence of other signs such as optic, memory, 


visual memory disturbances, and general intellectual © 


deterioration. 
this group. 
malacia of both occipital lobes following embolic 
imfarction could recognize neither his wife's nor 
his sister’s face and could only differentiate them by 
their voices. But this patient also suffered from 
alexia, complete colour blindness, and paracentral 
scotoma in both upper field quadrants. 
Jossmann’s patient (1929) also showed a rich 
pathology. Following encephalitis this patient was 
unconscious for some days. On recovery she was 
unable to recognize faces. She was also unable to 
differentiate animals at rest but could do so when 
they moved. In addition to this prosopagnosia she 
also showed object agnosia, transient alexia, dis- 
turbance in perspective vision, and simultanagnosia. 
Perhaps Hoff and P6tzl’s case (1937) showed the 
most severe prosopagnosia. The patient did not 
recognize his own face in the mirror, suffered from 


Heidenhain’s (1927) cases belong to | 
One of his patients suffered from 7 


a a re 


ra 


sory e Snr 


severe colour disturbance, from spatial disorienta- | 


tion, disturbance in re-visualization, and optical 
reception. The pathological lesions in this case were 
‘‘apoplectic”’ foci in both temporo-occipital lobes. 

In 1947, Bodamer published three cases of proso- 
pagnosia following traumatic lesions. It was 
Bodamer who introduced the term prosopagnosia. 
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1 a detailed work he tried to explain this rare 

sturbance but in his cases too the prosopagnosia 

5 superimposed on severe brain damage. In the 
{ st case, Uffz. S., a penetrating bullet caused a 
« pressed fracture in the lower part of the left 
p.rietal bone and in the right occipital bone. The 
p ient was blind for some weeks following the 
in ory, and on partial recovery remained with a 
le’. upper quadrantic field defect, with metamor- 
ipsia, object agnosia, disturbances in orientation, 
ani simultaneous agnosia. 
he second case was more severe. After a serious 
d injury Lt. H. A. lost consciousness. Examina- 
tion later revealed left hemiparesis, reduced sensation 
over the left half of the body, and concentric bilateral 
hemianopsia. Psychosensory disturbances included a 
lei\-right orientation disorder, optical disturbances, 
difiiculty in recognizing colours, and simultaneous 
agnosia. Concentration was also affected. 

rhe third case, O. Geffr. B., had a fracture in the 
lett occipital bone with severe brain damage. He 
showed signs of metamorphopsia, parts of pictures 
were blurred and distorted, and right hemianopsia 
and dyslexia were also found. 

These three cases form the basis on which Bodamer 
tried to build his thesis. According to this author, 
prosopagnosia represents a severe regression in the 
gnostic sphere affecting the old and deep levels of 
perception. He states that the infant recognizes 
facial expression before recognizing the object. This 
is opposed to the view that maintains that the infant 
recognizes the object first. Recognition of the object 
is associated with high level optico-gnostic function. 
Bodamer sees in facial recognition an Urpheno- 
menon, and, according to Monokaw’s theory, a 
time recorded memory, Chronogene Engramirung. 
Following Kaila who examined the effects of faces 
on children’s behaviour, he is of the opinion that 
the area around the eyes is the part which engages 
the infant’s attention first. Bodamer calls this eye 
area the “ocula’’. In cases of prosopagnosia he 
thinks that the patient’s attention’ is concentrated 
on these parts and cannot be withdrawn. 

Bodamer’s patient, H.A., said “apart from the 
eyes, the rest of the face is blurred. I don’t see the 
facial characteristics of living people. The most 
obvious thing to me is the eye’. Bodamer’s theory, 
which is basically similar to P6tzl’s, is unacceptable 
as it stands despite its originality and phylogenetic 
approach. All his cases suffered severe brain injury 
which probably affected brain function as a whole, 
and because of this detailed analysis is extremely 
difficult. We paid special attention to this point 
When examining our patient, who was able to 
define every part of the face whether living or from a 
Photograph. As he improved his facial recognition 
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became more prompt, and at no time did we con- 
sider visual function to be disturbed. 

Bodamer’s basic tenet that facial recognition is 
associated with the Urphenomenon is also open to 
criticism. It seems clear that the developing infant 
recognizes the mother’s face as an object and not as 
an expression because first optical impressions are 
directed towards the woman’s face attending him, 
holding him, or suckling him. At the same time the 
rest of the woman’s body is not in the infant's field 
of vision and the direct facial stimuli will crowd out 
any lesser peripheral ones. 

Recognition of facial expression depends on a 
number of stimuli, visual, auditory, and tactile. 
The child learns from experience; in the early stages 
he is attracted by toys which have no particular 
shape but which are prettily coloured or produce 
tones. At a later stage he plays with dolls or 
animals, and still later the faces of these dolls or 
animals take on a meaning. 

As opposed to the inability to recognize facial 
expressions whether living or still life, our patient’s 
ability to revisualize a face he had known previously 
was intact. He was also able to recall facial changes 
of people he knew with the passage of years. The 
same facility applied to places, and in common 
with Pallis’ patient, he said, “In my mind’s eye I 
know exactly where places are, what they look like 
and the squares and streets which surround them.” 
Our patient did not show any signs of Charcot- 
Wilbrand’s syndrome. 

In seeking for yet another explanation, Goldstein’s 
theory is also unsatisfactory, that any defined 
lesion in the brain creates a “disturbance of 
integrity’ or general disturbance of behaviour. 
There was no personality disturbance in our patient 
nor did his behaviour change after his illness began. 
During the nine months he remained under obser- 
vation no change in his character was noted. There 
were no signs of catastrophic reaction, of persevera- 
tion, nor of a depressive reaction (anosdiaphoria) 
to his illness (Critchley, 1957). 

The patient did not try to suppress knowledge of 
his illness. There were none of the characteristic 
signs described by Goldstein such as inability to 
distinguish between figure and background. The 
opposite is true: he tried everything in order to 
overcome his disabilities. Only one specific quality 
suffered and that was the expression which appeared 
separated from the object. 

In 1949, Faust suggested the term pseudo-agnosia 
to explain the cause of prosopagnosia together with 
lowering of mental activity and mild visual disturb- 
ances. Here apparently the visual stimuli suffered, 
but again pseudo-agnosia does not apply in our 
case, where intellectual function particularly was 
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unaffected. It is difficult to consider prosopagnosia 
as a sign of Funktionswandel. It is not easy to accept 
reduction or lability of visual function lasting for 
such a long time without other aspects of perception 
being affected. 

There is no doubt that the degree of attention 
varies in patients with gnostic disturbances, due to 
various factors, mostly affective ones. Attention 
may become extremely limited. But despite this 
one cannot look upon these perceptual variations as 
explanations for prosopagnosia itself. 

In the early stages of our patient’s illness he was 
unable to grasp the meaning or intent of a picture 
though he could describe and evaluate each individ- 
ual aspect of it clearly. This lack of interpretation 
could not be ascribed to lack of attention or fatigue. 
There are also no grounds for supposing that there 
was visual or mental fixation on a particular part of 
the picture. Similar to’ his inability to see pictures 
“alive’’ was his inability to obtain a living or vital 
impression of faces of people with whom he came 
into contact. The ability to elucidate the individ- 
uality of what he saw was affected. 

It may be supposed that at a certain stage of his 
illness facial features were identical to him and he 
could not differentiate between male and female 
ones. The faces looked like similar objects to him 
and had no special characteristics. He lost the 
ability to penetrate into and feel the hidden trait of 
a face. This, in our opinion, is not connected with 
the optic or perceptual sphere, and there was no 
memory defect. The ability to analyse and synthesize 
facial pecularities, the active and creative process 
related to recognition, was disturbed. 

Dementia is not a likely cause of prosopagnosia, 
simultanagnosia, or similar disorders. 

The question is, To what extent a right parieto- 
occipital lesion by itself may explain the proso- 
pagnosia? It may be seen from the history that our 
patient was stricken twice some years ago by short 
attacks of loss of consciousness, probably caused by 
small thrombotic processes, which do not leave any 
recognizable sequelae. The last sudden cerebral 
insult caused a left hemianopsia together with 
psychosensory disturbances of the highest degree. 

Any attempt to connect these signs with the 
patient’s premorbid personality will be valueless. 

Though the patient disclosed unasked, during the 
early part of his illness, that he did not see colours 
clearly, we were unable to detect this objectively at 
any time. This subjective disturbance had already 
disappeared by the time the hemianopic field defect 
became quadrantic. Probably the right occipital 
lobe was damaged, and it is more likely that this 
dysfunction is closer to achromatopsia than to 
agnosia for coicurs. 


B. BORNSTEIN AND D. P. KIDRON 





At the onset of the illness topographical meinory 
was disturbed to an acute degree. The distur! ince 
passed off within five or six days, but while it |: ;ted, 
though the patient’s pictorial memory for topog: iphy 
was retained, he was unable to activate these s' ored 
memories when needed or when faced witli the 
immediate problem of which way to turn. It was as 
if optical impressions were unable to activate the 
memory, or, put another way, as if orientation 
activity were upset. Sense of time was not at all 
affected and our patient used time sense in order to 
cancel out other deficiencies. 

Some patients of this type suffer from a change 
in dream content. Our patient did not dream 
at all. 

Regarding localization, our patient does not offer 
much more than other publications about patients 
of this type. One can say generally that a lesion in 
the parieto-occipital area of the brain, on the right 
more often than on the left, may cause a disturbance 
in the ability to recognize facial features. In the 
25 cases collected by Hécaen between 1932 and 1957, 
the lesion was found on the right in 18, on the left 
in one, and no clear localization was established in 
three. As in most of the cases, our patient showed 
a left field defect affecting mainly the upper 
quadrants. There was no disturbance in speech, 
reading, or writing. 

All the above facts lead us to suppose that the non- 
dominant hemisphere is mainly responsible for the 
development of prosopagnosia. Despite the fact 
that all the signs observed over the course of 16 
months point towards a right-sided occipito-parietal 
lesion, it is highly likely that the two previous 
cerebral attacks caused bilateral damage to the 
brain. This opinion is supported by Dr. Ritchie 
Russell (personal communication) who states, “| 
should doubt myself whether this condition ever 
occurs in a lesion affecting one side of the brain 
only, as otherwise it would occur much more 
commonly than it does.” 

It appears that the occipito-parietal region, in 
addition to powers of integration and synthesis, is 
endowed with special creative functions. Possibly, 
when the latter functions are disturbed, high level 
qualities such as recognition of faces and meanings 
and expressions are affected. 


Summary 


A patient is presented who showed prosopagnosia, 
simultanagnosia, topographic disorientation, nd 
achromatopsia. All these signs, excepting the first 
one, disappeared entirely after a short time. ‘he 
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p osopagnosia persisted to a lesser degree over the 
c urse of a year during which time the patient 
r nained under observation. At no time was mental 
derioration noted. The only neurological finding 
apurt from the above was a left upper quandrantic 
vi: ial field defect. The literature pertaining to 
prosopagnosia is reviewed and theories are put 
for vard to explain the phenomenon, which is related 
to Jysfunction of the right occipito-parietal lobe. 


We wish to thank Drs. A. Binor and N. Ben-Tovim 
very much for their patience and interest in performing 
the cye examinations. 
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THE VALUE OF LEUCOTOMY IN RELATION TO DIAGNOSIS 
_ BY 
A. A. ROBIN 
From Runwell Hospital, Wickford, Essex 


In an earlier paper (Robin, 1958) the results of 
leucotomy were assessed by comparing a treatment 
group of leucotomized patients and a control group, 
matched for sex, age on admission, and length of 
admission. Apart from noting the similarity in the 
distribution of diagnosis in the two groups, no 
cognizance was taken of diagnosis when the opera- 
tion was assessed. In this paper the case material 
has been extracted in relation to diagnosis only. For 
example, all cases of schizophrenia have been taken 
out of the series and then divided into two groups, 
(1) patients treated with leucotomy and (2) non- 
leucotomized subjects. The groups were not then 
composed of matched pairs or of equal numbers. 
They are nevertheless shown to be comparable in 
other respects than diagnosis alone. 


Schizophrenia 
Ninety-one cases of schizophrenia were found to 
have been treated by leucotomy and 97 cases were 
not so treated. The findings are set out in Table I. 
These two groups were comparable in their sex and 
age distributions and in their periods of stay in 
hospital to their operation dates. (Each non- 
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leucotomized patient retained the “‘operation date” 
originally allocated to him or her.) The results in 
the two groups, when discharge from Runwell alone 
is considered, suggest that leucotomy offers at least 
some initial advantage. While the distribution of 
the tables as a whole is not quite significant at the 
0:05 level, the single line concerning discharge does 
show a statistically significant difference favouring 
leucotomy. The favourable discharge rate, however, 
is temporary. The number of readmissions to 


Runwell and other hospitals is greater in the | 


leucotomy group, and by the time of the final survey 


(December 31, 1955), the number of discharged / 


patients is comparable in the two groups. The total © 
period spent in Runwell and in all mental hospitals 
after operation date shows no difference between the | 
treated and untreated groups. Fig. 1 shows the 
similarity in the results on the two groups one to 10 
years after operation date. 

Patients discharged and not readmitted to any 


mental hospital (under the same name) are those [7 


already designated “‘recovered” and are dealt with |) 
in more detail. The work and symptom status of the © 
two groups is not dissimilar. The age distribution, | 
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Fic. 1.—Ninety-one cases of schizophrenia subjected to leucotomy compared with 91 controls suffering from schizophrenia one 
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to 10 years after operation. 
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TABLE I 
RESULTS IN SCHIZOPHRENIA 
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| | Leucotomies | Controls 
‘. « Distribution | 0 Period since Discharge in ‘“‘Recovered”’ Patients } 
Male 24 sent * * 
Female | 71 73 + = te fk 
Total | 91 97 — 3yr. 3 0 
; — a aiiilae — 4yr. 1 1 
a — 3 yr. 3 0 
4v. of Admission —10 yr. 3 5 
20 8 a +10 yr. 1 3 
2” | 35 Total 14 10 
} 14 | 
50 : 3 *Still out in 1957 
; = 0 | 0 tIn mental after-care home 
RE ere ees, EE ee | re Oe —_—_—— HT 
Length of Admission to Operation Date* Work Rating in “‘Recovered”’ Patients 
1 mth. | 8 3 As competent as before illness | 5 6 
& mth, 333 é ‘32 rape | : ; 
1 = F 7 9 f Idle or incompetent 3 0 
2 yr. 13 | 12 | Not contacted I 3 
3 yr. | 8 ) 10 | ‘ames eo a ee ee 
4 yr. | 6 Symptom Rating in“*R d”’ Patient: 
fag | 3 \38 ? L6s - pto ating in **Recovere ‘atic : | ; 
10 yr. 31 | 36 | one . 
+ 10 yr. 5 | 6 Better 6 2 
S 2 0 
(n =1, X* = 0-14, P = 0-7) Worse > 9 
*In the original matching (Robin, 1958) each control was allocated Not contacted 1 3 
the operation date of its matched leucotomy subject. These dates 
have been adhered to here. wir: i se ree er — 
ee ee Age of Admission of **Recovered”’ Patients 
End-result ~20 yr. 32cc* 1 
Never discharged* $3 (59%) 72 (74%) —30 yr. Suci Suu 
Discharged at some time 33 (37%) 20 (20%)t —40 yr. Aci } 3uc 
Transferred 5 5 ~ 50 yr. 2i 1 
(n = 2, X* = 5-738, Pp = > 005) Total 14 | = 10 
*Died in hospital on first 
admission 4 7 hich \s ta Se SEE COL reo 
t(n = 1, X* = 4:4, P = < 0:05) Length of Admission to Operation Date of “Recovered” Patients 
nies ee ee ee yy ee a Sccii - 
Discharge : ae. rol y uuu 
Discharged at some time 33 20 
Since readmitted to Runwell ee ee ee ee ree 
Hospital 13 ‘ 6 : . orati “* Recovered” ients 
Never eaneiiieed ts Genel Period of Stay after Operation of **Recovered” Patients 
Hospital | 20 (22%) 14 (14%) 1 mth. 0 2u 
Readmitted to other hospitals | 3 mth. l 2 
(excluding transfers) 6 4 — 6 mth. 2i $7 | Quu }7 
Not readmitted to mental — i yr. Bei kc 
hospital since discharge | 14 (15%) 10 (10%) — 2 yr. 3ciu 
Period in Runwell Hospital since Operation : . y : 
1 mth. 5 } 3 — Syr. 1 ;7 2 33 
3 mth. 5 | 2 ~10 yr. Scc 0 
6 mth. 3 >23 3 >19 + 10 yr. 0 l 
: ey . *c copin i incompetent u = not contacted 
2 yr. 6 4 ping comp e 
3 yr. 5 6 (i er Sa OR oe iigkenes 
4 yr. 6 | 7 Work Rating of Patients during Discharge but Readmitted Later 
5S yr. 6 »68 10 >78 , 
10 yr. 25 | As competent as before illness | 1 2 
10 yr 26 37 J Coping 6 2 
ee pe ae Sa ON ee + ee Idle or incompetent 12 6 
Period in All Mental Hospitals since Operation Not contacted e 0 
1 mth. ) 3 Total 19 10 
3 mth. 2 | 2 | ee ae ee ee eres cane = sie 
6 mth. 2 >16 2 >16 
; yr. ; . Symptom Rating Discharged but Later Readmitted 
yr. 
| No symptoms 1 3 
3 yr. 4) > ) Symptoms better 6 | 0 
: oe 6 { 7 Symptoms same N 7 
yr. 7 }75 11 >81 S 4 0 
10 yr. 29 | 19 ymptoms worse 
10 yr. | 29 | 39 Not contacted 0 | 0 
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TABLE II 
RESULTS IN AFFECTIVE DISORDERS 





Leucotomies Controls Leucotomies 





Sex Distribution Symptom Rating 
Male None 
Female Better 
Total Same 
Worse 
Not contacted 
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Diagnostic Sub-groups 
— Period of Stay after Operation of * ‘Recovered”’ Patients 
Manic-depressive psychosis 4 — 1 mth. 3c 
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es a Si , - 3 mth. 4cce | 
(n = 3. Xi = § 2, P= >0-05) — 6 mth. le 412 
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End-result 
Total 
Never discharged* 


1 
2cc 3uuu 


43 
Discharged at some timet 3 s, : s f 
Transferred 


= coping i incompetent u not contacted 
*Died during first admission seinnamelsepNiia 
s Period of Stay after Operation at Runwell Hospital 


1 mth. 
+Died on subsequent admission 3 mth. 
(0) died in 6 mth. 

(2) 1956 , ‘ 

Total dead } 7 2 yr. 








Discharge 
Total discharged at some time 26 34 
Discharged but subsequently 
readmitted 10 17 
Never readmitted to Runwell \ 
Hospital 16 “ 17 (13) Total “3-39 
) — SS | SSR —— 
(2) Pe riod of Stay after Operation Date in Mental Hospitals 
1 mth 
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Readmitted to other hospitals | 
excluding transfers ae : 
Committed suicide after first / oo 
discharge te 
Total not readmitted to ee 3 a 
hospital since discharge . 





2 a cae 3 yr. 
Period since Discharge of ** Recovered” Patients 4 yr. 
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Work Rating of Patients during ilats pas Nontiaiaiad Later 
As competent as before illness 
Coping 
Idle or incompetent 
Not contacted 
Total 


—— Rating of Patients pe Symptom Sita hn Re seitaties d Late 
Work Rating | No symptoms 9 

As competent as before illness Symptoms better 

Coping Symptoms same 

Idle or incompetent Symptoms worse 

Not contacted Not contacted 
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Fic. 2.—Fifty-two cases of affective disorder subjected to leucotomy compared with 48 controls suffering from affective disorders 
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one to 10 years after operation. 


the period in hospital before the operation date, and 
the period from operation date to discharge are 
likewise comparable. Thus, similar patients get 
better in the same time. 

Finally, the status of schizophrenic patients who 
were discharged but later readmitted to hospital is 
shown as far as work status and symptoms are 
concerned. 


Affective Disorders 
Fifty-two cases with affective disorders were found 


admitted patients and their symptom status while 
out of hospital is shown. 


Depression 
Dealing with affective disorders as a cohesive 
group gives larger numbers and this is probably one 
of the reasons why this presentation is used. It can 
be seen, however (Table III), that the three diagnostic 
subgroups behave rather differently as far as outcome 
is concerned. 





TABLE III 
to have been treated by leucotomy and 48 cases were = pecutts IN AFFECTIVE DISORDERS REGARDLESS OF 
not so treated. These two groups were comparable TREATMENT 
in their sex and age distribution and in their period ne ietened | Whuteened 


of stay in hospital to their operation date (Table II). 
(Again, each non-leucotomized patient retained the 
operation date originally allocated to him or her.) 


Re never and Total 
Discharged Readmitted | Readmitted 


Manic depressive 


sapere : : ee : psychosis 3 (17-6%) 2(11-8%) 12 (70-6 %) 17 
The distribution of diagnoses within the affective Mania — 9 (643%) _5(35-7%) | 0(0%) 14 
Depression 23 (33:3%) | 31 (449%) | 18 (21-83%) | 69 

L 


group is also shown and later results are written out 
so that single diagnoses—mania, melancholia, manic- 
depressive psychosis—may be followed. The results 
as far as discharge are concerned are not significantly 
different and are also shown in a histogram (Fig. 2). 

The two “‘recovered”’ groups, leucotomy and con- 
trol, have been discharged for similar periods and 
compare as far as can be ascertained in their work 
and symptom status. At least it is clearly impossible 


| for the controls to do worse as a group than the 


leucotomized patients if the results in the untraced 
patients are made available later. The age distribution 
and periods in hospital before operation date are com- 
parable in these “recovered” patients. Leucotomy 
does not accelerate discharge and the total period 
spent in Runwell and in all mental hospitals after 
operation date is similar. The work status of re- 





The numbers here are small but regardless of treat- 
ment manic-depressive patients (cyclothymes) are 
most frequently discharged and also most frequently 
readmitted; depressive patients almost as frequently 
leave hospital and the majority remain well while 
manic patients have a tendency to chronicity al- 
though when they do recover they do well. It is 
conceivable that this is an artefact which arises frcm 
psychiatrists allocating recurring cases to the manic- 
depressive group. On the other hand, if it is a real 
effect it can be seen that the distribution of these 
diagnoses in the affective group will affect the 
expected results of the group as a whole. Only in 
depressions, however, was a sufficient number of 
cases available to examine the question further. 
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Thirty-nine cases of depression were treated with 
leucotomy and 30 without the operation (Table III). 
The results in these cases are closely comparable. 


Paraphrenia (Paranoid Psychosis) 


The vast majority of this group were diagnosed as 
suffering from “paraphrenia’” and only four cases 
were Classified as ‘“‘paranoid psychoses’’, two controls 
and two leucotomies. Twenty-two patients were 
treated with leucotomy and 17 were not so treated. 
The sex distribution, age distribution, and period of 
stay in hospital to operation date were comparable 
in the two groups (Table IV). The results likewise 
closely resemble each other. 


TABLE IV 


RESULTS IN 69 PATIENTS SUFFERING FROM DEPRESSION 
AND TREATED IN GROUPS KNOWN TO BE COMPARABLE 
FOR SEX, AGE, AND CHRONICITY 








| Leucotomies | Controls 

Total | 39 30 
Never discharged* 13 10 
Discharged at any time 22 20 
Transferred 4 0 
Readmitted to Runwell 

Hospitalt | 7 7 
Readmitted to other mental 

hospitals | 1 3 
Not readmitted since discharge 14 10 
*Died on first admission | 7 4 
+Died on subsequent admission) 1 1 

Total dead | 8 5 









Epilepsy 
Fourteen epileptics were treated with leucotomy 
and 13 were not so treated. Once again the results 
in the two groups (Table V) resemble each other 
closely. 


Summary 


The therapeutic results in cases treated by leuco- 
tomy were compared with those in patients of 
the same diagnosis and shown to be comparable 
in age, sex, and chronicity distributions, but not 
treated by leucotomy. 

The proportion of schizophrenics discharged after 
the operation was greater than in the control group 
but the number of subsequent readmissions was 
also greater, so that the long-term results are com- 
parable in the two groups. 

No advantage was shown to be offered by 
leucotomy in affective disorders, in depression in 
particular, in paraphrenia, or in epilepsy, when com- 
parisons were made with the results in similar 
patients not so treated. The patients who recover in 
the leucotomy and non-leucotomy groups appear 
to be comparable when sufficient numbers were 
available for analysis. 
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TABLE V 
RESULTS IN PARAPHRENIA (PARANOID PSYCH(Sis) 





—_ 


| Cont: ls 


| Leucotomies 


Sex distribution 
Total in each group 
ale 





22 17 
3 
Female 19 16 





oe | 

Ages on Admission | 
| 

| 





— 1 mth. 1 
3 mth. 3 
6 mth. 0 
1 yr. 0 
2 yr. 6 
6 
1 
2 
3 
0 


Bey 


weNNN 


— 3yr. 
— 4yr. 
— Syr. 
—10 yr. 
+10 yr. 





End-results 


Never discharged (died) 
Discharged at some time 
Transferred 1 

Total 22 | 17 


Readmitted to Runwell 
Hospital 1 2 
Readmitted to other mental 
hospitals 1 | 1 
Not readmitted to hospital | 
since discharge 5 





TABLE VI 


RESULTS IN 27 CASES DIAGNOSED AS EPILEPSY AND 
TREATED IN GROUPS KNOWN TO BE COMPARABLE IN 
AGE, SEX DISTRIBUTION, AND CHRONICITY 








Leucotomies Controls 
Never discharged 10 S 
Died on same admission 1 3 
Discharged at some time | 3 | 5 
Transferred 1 | 0 
Total 15 | 16 
Readmitted to Runwell 
Hospital ; 0 3 
Died on subsequent admissiqn | 0 2 
Readmitted to other mental 
hospitals 1 2 
Not readmitted to hospital 
since discharge | 2 0 





I should like to thank Miss E. M. Brooke, statistician of 
the General Register Office, for statistical advice; Mlles. 
M. C. Fanta, A. Nicholson, D. Cobb and M. Trevallion, 
of the Social Service Department, Runwell Hospital, for 
assistance with the follow-up and, finally Dr. W. S. 
Maclay, Senior Medical Commissioner of the Board of 
Control, and his staff, Messrs. F. W. Allen and D. F. 
King, for information from the Board of Control’s 
records. 
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7'{E EFFECTS OF MEPROBAMATE AND PENTOBARBITONE SODIUM 
ON SLEEP AND MOTILITY DURING SLEEP: 

A CONTROLLED TRIAL WITH PSYCHIATRIC PATIENTS 

BY 

J. M. HINTON and E. MARLEY 

From the Professorial Unit, Maudsley Hospital, London S.E.5 


Meprobamate (2-methyl-2-n-propyl-l, 3-propane- 
diol dicarbamate) was synthesized by Ludwig 
and Piech (1951). It is an interneuronal blocking 
agent capable of producing muscular relaxation 
without affecting respiration or other vital activities 
(Berger, 1954). The drug produces restful sleep and 
generalized muscular relaxation (Borrus, 1955). It 
was decided to test its effect, compared with that of 
a placebo and pentobarbitone sodium, on motility 
measured on a bed providing quantified estimates 
of movement during sleep or recumbency. 


Method 

Eleven male patients aged 22 to 70 years, suffering 
from hyposomnia of a degree to require a night hypnotic, 
were studied. They slept in a ward of 10 moderately 
disturbed psychiatric patients. Of the 11, eight were 
depressed, two were schizophrenic, and one was a chronic 
alcoholic withdrawn from alcohol for four weeks. The 
trial was of the self-controlled, double-blind variety. Each 
patient was in the trial for 18 days, the drugs being given 
in random order at 9.30 p.m. For the first nine days 
(Series 1) the patient received on three nights each placebo 
alternating with meprobamate at two dose levels (400 
and 800 mg.). For the second nine days (Series 2) the 
effect of 800 mg. meprobamate was compared with that 
of a conventional hypnotic (200 mg. pentobarbitone 
sodium) and placebo. Meprobamate and placebo were 
in identical tablet form and the pentobarbitone (‘‘nem- 
butal’’) in neutral-coloured capsules. The drugs were 
crushed and given in fluid to the patient. No additional 
treatment or medication was provided during the trial. 

As in the method for validating the bed (Cox and 
Marley, 1959) the patient’s motility scores were recorded 
hourly from the Veeder-Root counter during the period 
10 p.m. to 6 a.m. by one nurse, an independent rating 
(as in the previous paper) of the patient’s sleep being 
given by another. Eight patients completed a question- 
naire (see previous paper) each morning relating to their 
night’s sleep, the other three subjects being unable to 
comply satisfactorily on account of their mental state. 

'he results were dealt with by analysis of variance. A 
Onc-tail test of significance was employed if the placebo 
Scores were to be compared with a drug score, and a 
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two-tail test of significance if the two drug scores were 
to be compared. 


Results 
The mean and standard error of the mean scores 
for all results are shown in Table I. 


Comparison of Effects of Placebo, Meprobamate, 
and Pentobarbitone Sodium on Motility.—The total 
motility scores between 10 p.m. and 6 a.m. for 
Series 1 and 2 were subjected to analysis of variance. 
For Series 1, the variance ratio between drugs 
(F = 5:76, p< 0-01) proving significant, the dif- 
ferences between mean motility scores were tested. 
Only 800 mg. significantly reduced movement (Table 
Il). For Series 2, the variance ratio between drugs 
(F = 4:39, p<0-05) was significant, so the differences 
between mean motility scores for the drugs were 
examined. Both 800 mg. meprobamate and 200 mg. 
pentobarbitone sodium significantly reduced move- 
ment as compared with placebo (Table II). 


Time of Onset of Action of Drugs.—The mean 
motility scores at 11 p.m., 12 p.m., | a.m., and 
2 a.m. were subjected to analysis of variance to 
ascertain the earliest moment the effect of the drug 
became significant. For both series this was at 
12 p.m. The significant differences between the 
12 p.m. mean motility scores was due in Series | to 
the effect of 800 mg. meprobamate (t = 2:19, 
Pp < 0:02) and in Series 2 to the significant difference 
between the action of placebo and 200 mg. pento- 
barbitone sodium (t = 2°6, p< 0-01). A significant 
effect of 800 mg. meprobamate was not evident until 
1 a.m. in Series 2. 


Nurses’ and Patients’ Ratings of Motility Scores.— 
There was a significant correlation in Series | between 
the nurses’ ratings and the total night motility scores 
(r = +0-47, p< 0-01) but not between the patients’ 
rating and the total motility scores (r = +0-22, 
p>0-05). In Series 2, there was a significant correla- 
tion between both the nurses’ rating and total night 
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TABLE I 


MEAN AND STANDARD ERROR OF MEAN FOR MOTILITY SCORES, NURSES’, AND PATIENTS’ RATINGS DERI\ &p 
FROM PATIENTS RECEIVING PLACEBO, MEPROBAMATE, AND PENTOBARBITONE SODIUM 


. — | 


| | Series 1 






















Scores or Ratings as tUna Placebo - 400 mg. ee a eat | 800 mg. Meproba: ite 4 
| Night 1 | Night 2| Night 3! Night 1 | Night 2 | | Night 3 | Night | | Night 2) N cht } 
Total motility scores lt | Mean | 77-1 80-1 67°5 693 | 708 | 629 | 403 $44 oa 4 7 
(bed) S.E. of Mean | 19-64 20-09 13-82 














18-94 18-64 | 1625 | 818 | 14-43 2-89 




















Nurses’ total ratings | It | Mean 13-5 126 10-5 | 104 101 | 99 9-9 10-3 8 
| S.E.of Mean | 0:89 | 075 | 0-78 | 063 | 064 | 052 | 0-72 | 039 | 056 4 
Patients’ total ratings 8 | Mean | 136 | 138 | 136 | 138 | 125 | 18 | 120 | tt | ins 
S.E.of Mean | 0:98 0:25 | 055 | 083 | 066 075 | 06 











Series 2 





















Scores or Ratings | Fo tied Ue Placebo 209 “Soin | 800 mg. Meprobamate 

| Night 1 | Night 2 | Night 3 | Night 1 | | Night 2| Night 3 | Night l Night 2 Night 3 
Total motility scores il Mean 65-6 62:5 | 67:2 29°77 | 426 | 446 | ~ 40: 1 63-1 48-1 
(bed) S.E. of Mean | 12:39 | 1400 | 12:21 | 80O1 | 7:19 | 97 | 967 | 11-53 8-01 











Nurses’ total ratings | it | Mean Pa 




















and 10-9 118 9-0 9:5 6 | 93 10-3 96 
S.E.of Mean | 0-9 073 | O85 | 037 | O2 44 | 0-61 

Patients’ total ratings Mean 19 13-1 13-6 106 11-0 Te 106 | 121 16 
S.E.of Mean | 03 0-70 «0: 0-72 | oO 1: ; 1-00 , 





TABLE II 
SYNOPSIS OF FINDINGS FOR DRUG TRIAL 





Series 1 Series 2 















Placebo and Placebo and Placebo and ~~ and 
on Pn . oe t Ce 
¥ . | ee | Sodium 
Total motility scores p> 0-20 P< 0-001 Pp < 0-05 Pp < 0-001 


Nurses’ total ratings 







p< 0-001 P< 0-001 p<0-01 P< 0-001 
ep < 0-001 
p< 0-05 





+- + } }- 4 
Patients’ total ratings p <0-001 P> 0-05 Pp < 0-001 ) 








+ | + 
Duration of sleep p < 0-001 p< 0-05 P< 0-001 


Soundness of sleep p> 0-05 pep <0-01 Pp <0-02 p< 0-001 
. } t 


tT 


Patients’ individual ratings < 















= significant difference between mean scores for placebo and drug; — no significant difference between mean scores for placebo and 
drug. 






motility scores (r = +0-45, P<0-01) and between the of variance. For Series 1, as the variance ratio 
patients’ rating and total motility scores (r = +0-41, between drugs (F = 12-95, p<0-001) was significant, 
Pp < 0-01). the mean ratings were tested. From the patients’ 
‘ . ‘ : ratings, both 400 and 800 mg. meprobamate signi- 
Analysis of Nurses Ratings.—As the variance ficantly improved sleep (Table IL). For Series 2, the 
ratio between drugs for Series 1 (F = 12:95, p<0-001) 
resi 8 ‘ eR variance ratio between drugs (F = 10-16, p <0-001) 
was significant, the mean ratings for the drugs were “aa ey 
ae ; was significant. . In this instance, 200 mg. pento- 
compared. From the nurses’ ratings, it appeared barbi teats 800 
that both 400 and 800 mg. meprobamate signi- po aye > meng ieene wa , the codes 
ficantly reduced restlessnes; (Table II). For Series 2, SNOG tO RAVE ENpPLOVed Seep NgnucEnty. : 


; : Sane The totals for the patients’ ratings were also split 
as the variance ratio between drugs was significant. rae ; 
Ave» into the individual scores for each of the items on Ff 
(F = 4:91, p< 0-05), the mean ratings were com- 


, , the questionnaire, and then subjected to analysis of 

pared. From the mares ratings both 300 m&- variance. In Series 1, the patients stated that they 
meprobamate and 200 mg. pentobarbitone sodium : ) 

ienificantly reduced restlessness (Table ID) slept longer both with 400 and 800 mg. meprobamate 

ie y ; as compared with placebo (question 2 on the 

Analysis of Patients’ Rating.—The patients’ total questionnaire) and that sleep was sounder (question 

rating for their own sleep were subjected to analysis 3) with the 800 mg. does as compared with placebo 
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(Table Il). For Series 2, patients stated that they 
slept longer after 200 mg. pentobarbitone sodium 
and 800 mg. meprobamate as compared with placebo 
(question 2), sleep also being sounder (question 3) 
with these two than with placebo (Table II). 


Discussion 

The perfect solution to the problem of measuring 
depth of sleep remains elusive, and although obser- 
vations by nurses of the wide-awake or snoring 
patient are reliable, intervening sleep levels are diffi- 
cult to determine. Techniques such as shining a light 
on the patient (Straus, Eisenberg, and Gennis, 1955) 
have disadvantages, while subjective ratings by the 
patient may or may not agree with the nurses’ 
evaluation of his sleep (Hare, 1955; Imboden and 
Lasagna, 1956). In the group of patients we studied, 
a subjective appraisal alone might have been mis- 
leading, for the patients with more severe mental 
illness were unable to complete the sleep question- 
naire. Least weight should be attached to data 


derived from the questionnaire, as Glaser (1953 


1954) and Glaser and Whittow (1953) have shown 
that repeated completion of questionnaires may 








12pm ' 2 6am 


Time 


diminish the number of responses scored on them 
giving a false impression in such a case of habituation 
to the drug. Moreover, in the previous investigation, 
no correlation was found between the motility scores 
and the patients’ own estimate of sleep (Cox and 
Marley, 1959). 

The objective findings in Series | of the drug trial 
are that 800 mg. but not 400 mg. meprobamate 
significantly reduces motility during sleep or recum- 
bency. The subjective findings, on the other hand 
(nurses’ and patients’ ratings), suggest that mepro- 
bamate at both dose levels is superior to placebo in 
reducing restlessness and as a hypnotic. Lasagna 
(1956) noted that of various agents for promoting 
sleep in chronically ill patients, 400 mg. meprobamate 
was almost as effective as 800 mg. of the drug. 

In Series 2, the objective findings are that both 
200 mg. pentobarbitone sodium and 800 mg. 
meprobamate have a definite depressant action on 
motility, pentobarbitone being superior to mepro- 
bamate. The first part of the subjective results 
(nurses’ ratings) are in agreement. However, from 
the patients’ total ratings, pentobarbitone sodium 
but not 800 mg. meprobamate appeared to have 
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significant action, although paradoxically analysis of 
the patients’ ratings for individual items on the 
questionnaire suggests that both drugs are superior 
to placebo in enhancing duration and soundness of 
sleep. Lasagna demonstrated that either 400 mg. or 
800 mg. meprobamate was as effective as 100 mg. or 
200 mg. phenobarbitone as a hypnotic, but less 
effective than either 100 mg. or 200 mg. quinal- 
barbitone sodium. 

In both series, no significant effect of the drug on 
motility was detected until 150 minutes (12 p.m.) 
after administration, that for Series | being due to 
800 mg. meprobamate and for Series 2 attributable 
to pentobarbitone sodium. 

Inasmuch that motility during sleep and depth of 
sleep are at least partially correlated (and in this 
investigation there was a significant correlation 
between motility scores and the nurses’ rating in 
both Series and between motility scores and patients’ 
ratings of sleep in Series 2) the results are consistent 
with the notion that 800 mg. meprobamate possesses 
weak hypnotic action and reduces restlessness during 
sleep, although in both respects it is much less 
effective than 200 mg. pentobarbitone sodium. The 
smaller dose (400 mg.) of meprobamate seems also 
to possess a mild hypnotic effect but had no signi- 
ficant action on restlessness during sleep. Our results 
were obtained from patients with severe sleep dis- 
turbance, and it may be that both 400 mg. and 800 mg. 


meprobamate would exert a more pronounced 
hypnotic effect in subjects with milder insomnia. 


Summary 


Eleven psychiatric patients with marked insomnia 
were prescribed in random order 400 mg., 800 mg. 
meprobamate, and placebo (Series 1), and 200 mg. 
pentobarbitone sodium, 800 mg. meprobamate, and 
placebo (Series 2). 

Measurements of motility during sleep were 
obtained from an electronic recording unit attached 
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to the bed. The patients’ sleep was rated also by the 
nurses and the patients themselves. 
Meprobamate, 800 mg., but not 400 mg., 


ficantly reduced motility scores in Series 1. In ‘series 


2, both 200 mg. pentobarbitone sodium anc 80) | 


mg. meprobamate significantly diminished restless. 
ness during sleep. 

From the nurses’ ratings, 200 mg. pentobarbitone 
sodium and 400 mg. and 800 mg. meprob:amate 
exerted a significant hypnotic action as compared 
with placebo. 

As judged by the patients’ total ratings, 400 mg. 
and 800 mg. meprobamate improved sleep in Series 
1 but only pentobarbitone in Series 2. Analysis of 
individual items from the sleep questionnaire indi- 


cated that all drugs used prolonged sleep as compared 


with placebo, but that sleep was only sounder after 
800 mg. meprobamate or 200 mg. pentobarbitone 
sodium. 

It is contended that both 400 mg. and 800 mg. 
meprobamate possess weak hypnotic activity, that 
800 mg. reduces restlessness, but that in both respects 
200 mg. pentobarbitone sodium is superior. 


We take pleasure in thanking Dr. D. L. Davies for 





suggesting the investigation and for his interest and 7 


encouragement throughout. We would also like to thank 
Dr. A. E. Maxwell for invaluable statistical advice, the 
nursing staff of Ward 4, in particular Sister H. Hynes 
and Mr. D. Hodge, Mr. W. Brookes, the pharmacist, for 
his assistance, Mr. D. A. Green for photographing the 
stencil, and also Lederle Laboratories Division for 
supplying “ miltown * tablets and the placebo. 
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PARAPLEGIA CAUSED BY EXTRASPINAL METASTASIS 
FROM A UTERINE FIBROID 


BY 
LAMBERT ROGERS and LEWIS THOMAS 
From the Surgical Unit, the Welsh National School of Medicine, the Royal Infirmary, Cardiff 


L ierine fibroids are usually benign tumours, but 
occasionally, like some apparently benign thyroid 
tumours, they fail to behave as such and metastasize. 
“Benign metastasizing fibroid,” like ‘ benign 
metastasizing goitre ** (Cohnheim, 1876), is a bad 
term, however, because it is self contradictory. 

There is evidence that the thyroid tumours are 
carcinomas and areas may be found in them where 
there has been invasion of blood vessels (Bell, 1924; 
Graham, 1925). Similarly the apparently innocent 
fibroid which metastasizes may, if minutely 
examined, be found to have the appearance of a 
sarcoma. Steiner (1939) reports a case with a 
benign appearance in the primary tumour and in 
the secondary deposit, but careful examination of 
the former showed invasion of veins. Occasionally, 
however, thorough examination of these metastasiz- 
ing uterine tumours fails to reveal any typically 
malignant structure and the same well-differentiated 
and benign appearance is present in the metastases 
as in the primary tumour in the uterus. 


Case Report 


A married woman aged 37, the mother of one child, 
was referred because of numbness of the right leg, 
unsteadiness in walking, and pain in the back radiating 
into the right breast. Ten years previously hysterectomy 
had been performed elsewhere for fibroids, and five years 
later leiomyomata had been removed from the abdomen 
and pelvis. A note at the time stated that extirpation 
had been incomplete and two years later a mass arising 
from the stump of the cervix was removed. 

On examination she was found to have weakness of 
the legs and a diminution of all forms of sensation below 
the level of the nipples. The abdominal reflexes were 
absent, the knee and ankle jerks exaggerated, and the 
plantar reflexes were extensor. Several lobulated tumours 
could be felt in the abdomen and rectal examination 
show eda firm tumour involving the sacrum. Radiographs 
of the spine showed a bony sacral defect, but no other 
abnormality. Cisternal myelography showed a complete 
block at the level of the first thoracic vertebra. 

On lumbar puncture absence of the Queckenstedt 
Phenomenon indicated spinal block and the protein 





Fic. 1.—Tumour removed from sacrospinalis (weight 43 g.). 


content of the fluid was 200 mg. per 100 ml. and the 
cell content 6 per c.mm. 

At operation a lobulated tumour was exposed in the 
sacrospinalis (Fig. 1) and removed. Pressure from the 
tumour had produced smooth-edged holes in the laminae 
of the second and third thoracic vertebrae, through 
which the dura was compressed by it. The tumour was 
unattached to the laminae and the dura and was easily 
separated from its bed in the muscle mass. 

The pathologist’s report (Dr. W. Jones Williams, to 
whom we are indebted) reads :— 

** Numerous blocks were examined from both lesions. 
The tumours of the spine and of the uterus show similar 
features. The appearances are those of fibroleiomyoma 
with no evidence of malignant change and consist of 
uniform whorled smooth muscle fibres admixed with 
fibrous tissue. No neural elements are present in either 
tumour, palisading is absent, and the appearances are 
not those of neurofibroma or neurilemmoma. 

‘In view of the fact that the spinal tumour may be a 
metastasis from the uterus both lesions were subjected to 
histological grading as if they were uterine sarcoma 
(Jones Williams and Bancroft-Livingston, 1952). On 
the criteria used in their article both lesions fall into the 
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Fic. 2.—Microscopical appearance of spinal tumour ~ 106. 


group with the lowest grade of malignancy. In par- 
ticular they show one mitosis per 25 high-power field 
and with no blood spaces lined by tumour cells. 

‘** The close similarity of the uterine and spinal lesions 
(Figs. 2 and 3) characterized by the uniform whorled 
appearance with absence of the usual features of malig- 
nancy supports the view that both lesions have the 
appearances of benign fibroleiomyoma.” 

In the year which has elapsed since the laminectomy 
the patient has made a complete recovery from the 
paraplegia and has put on weight; she remains well. 
There are still tumours to be felt in the abdomen and at 
some time a further attempt may be necessary to remove 
them. 


Comments 


Leiomyosarcoma of the uterus occurs in less than 
2% of leiomyomata (Wheelock and Warren, 1942) 
and the histology of such tumours is in most cases 
characteristic of malignancy. Metastasis is un- 
common, the lungs being the principal site, though 
deposits have been found in the liver, vertebral 
body, and pelvis (Robbins, 1943). 

The present case is unusual, inasmuch as an 
apparently benign uterine leiomyoma had metasta- 
sized and an extraspinal deposit of tumour in the 
sacrospinalis muscle mass had caused paraplegia 
from pressure atrophy of the subjacent laminae 


Fic. 3.—Microscopical appearance of original uterine tumour 106. 


and compression of the cord. There was no evidence 
that the tumour had invaded bone. The production 
of round smooth defects in the vertebral laminae 
by the pressure of a tumour lying outside the spine 
must be very rare. Finally the apparently benign 


histological appearance of the primary tumour was f 


also seen in the secondary deposit. 


Summary 

A case is recorded of metastasis from a uterine 
fibroid of benign appearance in a woman aged 3) 
in whom paraplegia was produced by pressure from 
a metastasis in the substance of the sacrospinalis. 
This tumour had produced pressure atrophy of the 
laminae which it overlay and had compressed the 
theca through the resulting laminal defects. Recovery 
followed removal of the tumour. Neither primary 
nor secondary tumours had any histological evidence 
of malignancy. 
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NEUROLOGICAL ASPECTS OF LEPTOSPIROSIS 


BY 


R. W. ROSS RUSSELL* 
From the British Military Hospital, Taiping, Malaya 


Since leptospirosis begins with a septicaemic stage, 
during which leptospirae may be isolated from the 
cerebrospinal fluid, the occurrence of lesions in the 
nervous system is not unexpected. Evidence of 
neurological abnormality can frequently be detected 
in the course of a typical attack of the disease, but 
it is usually insignificant compared with the involve- 
ment of other organs, and has little effect on the 
course Or outcome of the infection. 

As the world-wide distribution of leptospirosis is 
becoming realized, however, more clinical varieties 
are appearing, in some of which the nervous lesions 
are the dominant or the only changes. These cases 
have not usually been jaundiced, and the infection 
has been caused by leptospirae other than L. 
icterohaemorrhagiae. 

A summary of the previous literature is followed 
by a description of the neurological complications 
arising in 64 personally studied cases in Malaya. 
All cases were proved by blood culture, positive 
serology, or both, and were due to a variety of 
leptospiral types, of which the commonest were 
L. pyrogenes, L. hebdomidis, L. canicola, L. grippo- 
typhosa, and L. schiiffneri. 


Observations in the Literature 

The initial stages of leptospirosis are marked in 
over half the cases by severe headache, photophobia, 
and neck ridigity (Broom, 1951). Cerebrospinal 
pleocytosis may accompany clinical evidence of 
meningitis or may occur alone (Davidson and Smith, 
1939; Cargill and Beeson, 1947). Rarely meningeal 
symptoms with optic neuritis may follow weeks or 
months after the initial infection (Murgatroyd, 1937). 

It has been known for 40 years that leptospirosis 
may present as a purely meningitic illness (Costa 
and Troisier, 1917), and leptospiral infection 
accounts for a small but definite percentage of cases 
of benign lymphocytic meningitis (Adair, Gauld, 
and Smadel, 1953). Many such cases in Europe 
have been traced to L. canicola, but can also be 
caused by numerous other strains (van Thiel, 1948). 
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Meningitis cases seem to be especially common 
after bathing, a fact which has been thought to 
indicate a special portal of entry via the naso- 
pharynx (Buzzard and Wylie, 1947), but which is 
probably related more to the age of the patient 
(Broom, 1958). 

. The cellular reaction in the cerebrospinal fluid 
may be polymorphonuclear at first, but later 
lymphocytes predominate (Costa and _ Troisier, 
1917). Values for protein may show a small increase, 
but those for chloride and glucose are normal. The 
urea content is commonly raised (Robertson, 1946) 
in proportion to the blood level. Bile-staining may 
occur in icteric cases, an unusual finding in jaundice 
from other causes. 

Lesions of the peripheral nerves and plexuses, 
usually of the upper limb, are not uncommon. The 
clinical features are pain, muscle weakness, and loss 
of tendon reflexes. The resemblance to anterior 
poliomyelitis or neuralgic amyotrophy may be 
close (Ramsey, 1955; Middleton, 1955). 

Cranial nerve involvement has been noted on a 
few occasions, resulting in ocular, facial, or palatal 
palsies of a transient nature (Scheid, 1949). Mental 
confusion or even psychosis may occur (Murgatroyd, 
1937; Kernohan, 1956), usually at the time of the 
initial illness and possibly aggravated by avita- 
minosis. Hemiparesis (Doherty, 1956) and subarac- 
hnoid haemorrhage (Buzzard and Wylie, 1947) are 
rarities. 

The literature contains only nine cases of spinal 
cord involvement (Creyx, Georget, and Bonnel, 
1935; Labbé, Boulin, Uhry, and Ullman, 1935; 
Joosten, 1936; Hegler, 1936; Fontan, Dupin, and 
Verger, 1938; Mortenson, 1940). Symptoms are 
mainly motor, involving the legs and often accom- 
panied by retention of urine. The outcome may be 
fatal (Labbé ef al.); recovery may be uneventful 
(Creyz et al.) or slow and incomplete (Hegler). The 
strain of leptospira involved is variable. 


Meningitis 
Meningitis Complicating Leptospirosis.—Of 64 
patients examined, all complained of headache 
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during the initial febrile illness. In addition 19 
patients (30°,) complained of photophobia and 
34 (54°) had some degree of nuchal rigidity. 
Eleven patients (18°) had nuchal rigidity of a 
degree sufficient to warrant a clinical diagnosis of 
meningitis, and in these patients lumbar puncture 
was carried out partly to exclude the presence of a 
purulent meningitis, partly to establish the nature 
and frequency of cerebrospinal fluid changes, and 
partly as a therapeutic measure to relieve the head- 
ache. 

The findings in the 11 cases are summarized in 
Table I. 

TABLE | 


C.S.F. FINDINGS IN Il CASES OF LEPTOSPIROSIS 
COMPLICATED BY MENINGEAL FEATURES 





_— — Cells yA A Protein 
— Diseas Fluid per Poly- Lympho- (mg. 
wes ae c. mm. morphs cytes 100 ml.) 
14 8 Turbid 120 80 20 35 
55 7 Turbid 200 0 100 80 
50 7 Turbid 60 20 80 120 
51 > Clear 4 : 35 
48 6 Clear 1 50 
42 a Clear 1 20 
40 7 Clear 2 30 
39 4 Clear 1 50 
29 20 Clear $ 30 
Relapse 
30 Clear 4 45 
Relapse 
45 4 Clear 4 30 
l 3 Clear 4 - 45 





With one exception (Case 29) lumbar puncture 
was performed during the initial stage of the illness 
at the time when meningitic signs and symptoms 
were at a maximum. Cerebrospinal fluid pleocytosis 
was found in three out of II cases, and slight 
elevation of the protein (> 40 mg. per 100 ml.) level 
in a further four. Chloride and glucose values 
(not included in Table I) were normal. Case 29 
developed marked meningitic signs and symptoms 
during a relapse in the third and fourth weeks of 
illness, but no abnormality was found in the cerebro- 
spinal fluid. Headache, anaemia, and general lassi- 
tude persisted for eight weeks. 

With the exception of Case 29 meningitic 
symptoms were transient, lasting two to six days 
and going on to complete recovery. 

These findings are in agreement with those of 
previous workers. The predominance of polymorphs 
in the differential cell count in Case 14 is noteworthy. 
The slight elevation of protein in Cases 1, 29, 39, and 
48 may be within the limits of laboratory error, and 
so of no significance. 


Meningitis as Dominant Feature (Meningitis 
Leptospirosa).—Three cases presented with an illness 
which was predominantly meningitic, the nature of 
which was recognized only in the light of routine 
serological testing. 
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Case 58.—This patient, a man, aged 19, was adi vjitted 
on January 12, 1956, the second day of illness, com) lain. 








ing of severe headache, backache, and photophobia. r 


Ten days previously he had been duck shooting in 
swampy ground, his legs being immersed in wat: r fo; 
some hours at a time, but the rest of his bod) hag 
remained dry. 
102°F. and his pulse 110 per minute. 
rigidity of the neck and back, the fauces were congested, 


the calf and thigh muscles were tender, and the spleen 7 


tip was palpable. There was no conjunctival or ciliary 
injection and no abrasions or jungle sores on the legs. 
The knee and ankle jerks were absent and there was 
weakness of all muscle groups in the lower limbs. 
maximal in the quadriceps and plantar flexors of the | 
foot. 

A blood count showed: white blood cells 6,800 per 
c.mm. (polymorphonuclears 60%, lymphocytes 36°,, 
monocytes 4%). A trace of protein was found in the 
urine. The serum bilirubin level was 0-6 mg. per 100 mi., 
blood urea 40 mg. per 100 ml. The C.S.F. (fourth day of 
disease) contained 110 cells per c.mm. (all lymphocytes), 
90 mg. protein per 100 ml., 50 mg. glucose per 100 mi., 
720 mg. chlorides per 100 ml. A blood culture was | 
positive. 

Anterior poliomyelitis was diagnosed, and treatment 
was on symptomatic lines only. 

The patient was febrile for 48 hours after admission 
and had a slight secondary fever of 99-2 F. on the 
fourth day. Weakness and tenderness of all muscle 
groups in both lower limbs was present for one week. 
The knee and ankle jerks returned after five days, but 
remained sluggish for two weeks, by which time sympto- 
matic recovery was complete. There were no sequelae. 


~ 


Case 56.—This Gurkha soldier, aged 26, was seen on 


September 28, 1955, the sixth day of illness, complaining ' 
of headache, severe pain in the legs, neck stiffness, | 





vomiting, and slight abdominal pain. For the previous 


On examination his temperature was 
He had marked 7 


ry 


three weeks he had been engaged in jungle ambush work a 
in the Ipoh area under damp conditions. His temperature 


was 104°F. and pulse 110 per minute. There were no 
abnormal physical signs apart from nuchal rigidity and 
muscular tenderness. Small jungle sores were noted on 
the shins. 

A blood count showed: white blood cells, 11,200 per 
¢.mm. (polymorphonuclears 92%, lymphocytes 8°). 
The urine contained protein +, occasional white cells, 
and casts. The C.S.F. (eighth day of disease) showed 8 
cells per c.mm., all lymphocytes, and 60 mg. protein per 
100 ml. 

Complement fixation and agglutination reactions were 
positive. 

The clinical diagnosis on admission was anterior 
poliomyelitis, and treatment was on symptomatic lines 
only. 

Fever subsided after 10 days of illness and the patient 
was asymptomatic after two weeks. There were no 
sequelae. 


Case 57.—This Gurkha rifleman, aged 23, in the same 
company as Case 56, was referred to hospital on October 
3, 1955, with the complaint of headache, vomiting. and 
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TABLE II 
SUMMARY OF C.S.F. FINDINGS IN THREE CASES OF MENINGITIS LEPTOSPIROSA 





| 
Day of : 
Disease Fluid Ceils 


| % 
| Polymorphs 


| 


| Protein Chloride Glucose 
(mg. per (mg. per 


(mg. per 
100 ml.) 100 ml.) 100 mi.) 


% 
; Lymphocytes 








Turbid | 110 
Clear | 8 
Turbid | 280 
Clear | 1 





100 | 720 | 50 
100 | | = 
20 | | 45 





cough for six days. On examination his temperature 
was 101°F. and pulse 70 per minute. He appeared 
drowsy and confused with marked nuchal rigidity and 
muscular tenderness in the legs. The knee and ankle 
jeiks were sluggish. 


\ blood count showed: white blood cells 10,300 per ‘ 


c.mm. (polymorphonuclears 84%, lymphocytes 10%, 
monocytes 6%). The urine appeared normal. The 
C.S.F. (seventh day of disease) contained 280 cells per 
c.mm. (polymorphonuclears 80%, lymphocytes 20%), 
85 mg. protein per 100 ml., 45 mg. glucose per 100 ml., 
and 720 mg. chlorides per 100 ml. On the fourteenth day 
of disease cells had fallen to 1 per c.mm., and protein to 
30 mg. per 100 ml. Complement fixation and agglutina- 
tion reactions were positive. 

The clinical diagnosis on admission was anterior 
poliomyelitis, and treatment was on symptomatic lines 
only. 

The fever continued for 36 hours after admission, and 
there were no symptoms or signs after three days. 
Tendon reflexes returned to normal and there were no 
sequelae. 


These cases illustrate the value of routine sero- 
logical testing in patients with lymphocytic 
meningitis. There was little to suggest a diagnosis 
of leptospirosis on admission, although it is signi- 
ficant that two of the three cases had proteinuria. 


Peripheral Nerve Lesions 
Two patients presented unequivocal evidence of 
peripheral neuritis during the course of leptospirosis. 


Case 48.—This man, aged 24, suffered a mild attack 
of leptospirosis, being febrile for nine days. He was 
admitted on the fourth day of illness, at which time neck 
stiffness was a prominent sign and lumbar puncture was 
performed, the fluid being normal. During the acute 
phase of the illness and for five days after the fever had 
subsided he complained of severe neuralgic pain in the 
distribution of the fifth and sixth cervical nerves on the 
right side. He also complained of pain and numbness 
in both lower limbs for the first three days. Tendon 
reflexes were diminished in the right arm and there was 
some weakness of the triceps muscle on that side, but 
no sensory loss and no objective findings in the legs. 
Complement fixation and agglutination reactions were 
Positive, 

_ Treatment was symptomatic and recovery was complete 
in two weeks. 


Case 29.—This patient, aged 28, was admitted on 
May 10, 1955, with a moderately severe attack of 
leptospirosis, being febrile for 14 days and having a 


5° 


relapse with meningism during the fourth week. On the 
fifteenth day of illness he developed paraesthesiae in both 
feet which lasted for five days. This was succeeded by a 
severe aching pain over the distribution of the fourth and 
fifth cervical nerves on the left side. There was weakness 
of the deltoid and biceps muscles on that side and the 
biceps and supinator reflexes were diminished. No 
sensory loss was demonstrable. 

Complement fixation and agglutination reactions were 
positive. 

Treatment was symptomatic and recovery was com- 
plete in six weeks. 


The clinical syndrome in the above cases is similar 
to neuralgic amyotrophy which may follow serum 
injections. The lesion may be in the brachial plexus. 


A Case of Spinal Involvement 
One case was complicated by an ascending 
myelitis of an extent not previously reported. Full 
details are therefore given. 


Case 64.—The patient, aged 19, was in good health 
until May 11, 1956, when during a jungle patrol he 
developed a severe frontal headache, diarrhoea, and 
fever. After three days he came out of the jungle and 
was seen by the regimental medical officer, who immedi- 
ately arranged his admission to hospital. On arrival his 
general condition was poor. He was unable to sit up 
and complained of headache and abdominal pain. His 
temperature was 101°F. and his pulse 90 per minute. 
There was marked conjunctival and scleral injection, 
acutely tender calf muscles, scattered rhonchi over both 
lung fields, and ill-defined tenderness in the right upper 
quadrant of the abdomen. Slightly enlarged, painless 
lymph nodes were palpable in all areas. The provisional 
diagnosis was leptospirosis. The haemoglobin was 
11-9 g.%, white blood cells 15,200 per c.mm. (poly- 
morphs 80%, lymphocytes 20%). Blood urea was 
75 mg. per 100 ml. On the evening of the day of admis- 
sion he was noticed to have a mild degree of neck stiffness 
and slight weakness of the legs, affecting all the muscle 
groups. The tendon reflexes were present and equal. He 
had some difficulty with micturition and the bladder was 
palpably enlarged. 

On the following day the neck stiffness was more 
pronounced and the muscular weakness had spread to 
involve the trunk and arms, the legs still being more 
severely affected. Reflexes were just obtainable and there 
was no sensory loss. Coordination in the arms was 
normal but could not be tested in the legs owing to the 
weakness. He was mentally clear but extremely anxious. 
Coarse nystagmus was present on lateral gaze, but apart 
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from this the cranial nerves appeared normal. Respira- 
tions were rapid and shallow and towards evening were 
clearly becoming inadequate; no movement was appreci- 
able in the lower part of the chest and the accessory 
muscles of respiration were active. There was slight 
central cyanosis. Swallowing and speaking were un- 
affected at this stage, and blood pressure was well 
maintained. He had by this time developed acute 
retention of urine and required intermittent catheteriza- 
tion. Twenty-four hours after admission he was placed 
in a Drinker respirator, and after a short period of 
alarm he was able to adapt himself to its movements. 

At this time he was thought to have anterior polio- 
myelitis or acute infective polyneuritis, and after 36 hours 
it was clear that the upward spread of paralysis was still 
progressing. For a period of six hours his speech was 
affected, becoming weak and nasal in quality, and 
swallowing was achieved only with slight choking and 
spluttering. There was almost complete paralysis of 
respiration, which unaided took the form of irregular 
diaphragmatic gasping contractions every five to 10 
seconds. There was no intercostal element, and the 
respirations were accompanied by a marked tracheal tug. 

The respirator was tilted head-down at an angle of 15 
and the posterior pharynx aspirated at intervals, but 
paralysis of swallowing was never complete enough to 
make pooling of secretions a major problem. 

Apart from this evidence of bulbar damage he developed 
a defect of conjugate lateral movement of the eyes. 
Although he appeared confused and slightly euphoric 
there was no marked disturbance of consciousness, and 
he complained of cramps in the limbs and abdominal 
pains, which were ascribed to spasm of the abdominal 
muscles. He lay with legs extended and feet plantar- 
flexed, arms flexed at elbow and wrist, and with adduction 
and internal rotation at the shoulder. A constant coarse 
fasciculation was present in the muscles of the shoulder 
girdle, and there was sometimes a coarse clonic twitching 
in the pectoralis major on both sides, violent enough to 
move the whole upper limb. Muscle tone was diminished 
in all but the pectoral group, power was grossly reduced, 
tendon reflexes in all limbs were lost, and plantar 
responses were extensor. Bladder control was still 
defective, and an indwelling catheter was introduced, 
urine being released every four hours. All modalities of 
sensation were diminished over the lower part of the 
body, an ill-defined sensory level being present at the 
costal margin. 

In summary, there was evidence of an acute infection 
of the spinal cord spreading in the course of 48 hours to 
involve the medulla and mid-brain, and affecting the 
motor neurones, long sensory tracts, and pyramidal 
fibres. 

Treatment at this stage was supportive, and aimed at 
the prevention of skin, pulmonary, and urinary com- 
plications, but in spite of prophylactive sulphonamides 
and a large fluid intake he developed a Bact. coli infection 
of the urinary tract which was difficult to eradicate. A 
careful watch was kept on the cardiovascular system, but 
apart from a constant tachycardia of 100 to 110 there 
were no other signs and the blood pressure remained 
steady at a normal figure. 
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After progressing rapidly for 48 hours the par: \ysis 
began to recede slowly. The patient was taken out © ° the 
respirator for increasing periods each hour, and by the 
fourth day was fit enough to breath without it. P. swer 
slowly returned to his limbs and the tendon reiiexes 
reappeared. The trunk muscles regained their tone. and 
by the tenth day he was able to sit up. Perception to 
pin-prick remained diminished in the legs for 10 days, 

At the end of a month there was only a slight generalized 
diminution of muscle power, but the urinary infection 
persisted and resulted in the formation of a urethral 
stricture which eventually required surgical treatment. 
He also had a mild residual normochromic anaemia 
(haemoglobin 10-1 g.%). Examination of the cerebro- 


spinal fluid after six weeks showed no abnormality apart” 


from a raised protein level (90 mg. per 100 ml.). 
Fletcher’s culture for leptospirosis was performed on 

the blood at the time of admission and was read at 15 

and 25 days, leptospirae being seen on both occasions. 


Unfortunately the culture became secondarily infected, | 


and further identification of the serological type of the 
organism was not then possible. 


TABLE III 
C.S.F. FINDINGS IN CASE 64 





Day of Disease 4 


Appearance clear 

Cells (per c.mm.) 25 

Polymorphs (%) 60 

Lymphocytes (%) 40 - 

Protein (mg. per 100 ml.) 110 124 90 
Chlorides (mg. per 100 ml.) 720 740 | 740 
Glucose (mg. per 100 ml.) 43 46 70 





Culture of the cerebrospinal fluid on blood-agar was 
sterile on all occasions. 

Serological specimens were taken on the ninth, 16th, 
and 25th days, and were tested at the Wellcome Labora- 
tories, using the agglutination technique. The ninth and 
sixteenth day specimens were positive to | in 100 with 
the following strains: L. autumnalis, L. bangkinang, L. 
javanica, L. hebdomidis, L. pomona. The 25th day 
specimen reacted with the same strains to | in 1,000 
but were not tested to higher dilutions. 

A similar rapid upward spread of the paralysis 
with transient brain-stem involvement sometimes 
occurs in acute infective polyradiculitis. | Muscle 
fasciculation is sometimes observed in this con- 
dition, and in paralytic poliomyelitis at the time of 
destruction of the anterior horn cells, but seldom to 
such a degree as in this patient. 

Had the nasopharyngeal paralysis lasted for more 
than a few hours secretions would probably have 
been inhaled. Probably better treatment would 
have been an elective tracheotomy at an earlier 
stage and insertion of a cuffed endotracheal tube. 


Discussion 


One of the striking features in the literature and 
the cases reported here is the extent of neurolozical 
damage which is compatible with complete recovery. 
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n the most complete and extensive paralysis, as 
Case 64, appears to carry a good prognosis if 

\. patient can be kept alive during the initial stages. 
he nature of the neurological lesions must remain 

in oubt. In a disease characterized by a haemorrha- 
gic ‘endency it might be expected that complications 
of. vascular nature would occur. With the possible 
ex.cption of peripheral neuritis, which has been 
ascribed to haemorrhage into the nerve sheaths 
(Kramer, 1926), none of the cases described in the 
present series has any features to suggest single 
hacmorrhage from a large vessel or multiple 
hacmorrhage from small vessels, and apart from 
the case with subarachnoid haemorrhage described 
by Buzzard and Wylie (1947) and the hemiplegic 
patient mentioned by Doherty (1956), vascular 
lesions are conspicuously lacking in the literature. 

Clinical and pathological evidence of acute 
meningitis in the initial stages is a common finding 
and is attributable to the presence of leptospirae 
in the cerebrospinal fluid. However, in the few 
cases of leptospirosis with neurological involvement 
which have come to necropsy, there has been no 
suggestion of a progressive exudate or fibrotic 
process such as occurs in pyogenic or tuberculous 
meningitis. van Thiel (1948) has suggested that 
leptospirae are unable to proliferate in the meninges. 

Changes in the parenchyma of brain, brain-stem, 
and spinal cord are equally inconspicuous. 
Leptospirae have been demonstrated in the cerebral 
cortex (Bingel, 1936), and occasionally microscopic 
evidence of inflammation with nerve cell degenera- 
tion similar to that seen in encephalitis lethargica 
(Koppisch and Bond, 1952), but the usual finding 
is minimal perivascular infiltration with lymphocytes 
in the hippocampus, medulla, cerebellum, and basal 
ganglia. Neither anterior horn cell damage nor 
demyelination is evident. 

There is, however, some clinical resemblance 
between certain of the neurological sequelae of 
leptospirosis, notably myelitis, and the nervous 
complications of smallpox, measles, varicella, vac- 
cination, or other prophylactic inoculations, all of 
which have been ascribed to a non-specific allergic 
reaction of the nervous system to various antigens, 
chiefly bacterial or viral (Miller and Evans, 1953), 
and have been reproduced experimentally (Lumsden, 
1949), 

Points of similarity between these post-infective 
encephalo-myelitides and the sequelae of lepto- 
spirosis are the latent interval after infection, the 
rapid onset of wis‘espread spinal damage, the 
relatively small meningeal reaction, and the pos- 
sibility of complete recovery. However, the absence 
of drowsiness, convulsions, other signs of encepha- 
litis, and the lack of histological evidence of demyeli- 
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nation in fatal cases does not support such a theory 
(Koppisch and Bond, 1952). 

The case of ascending mesencephalomyelitis 
described in the present series is of a type not 
previously reported. The paralysis spread rapidly 
to involve the respiratory muscles and motor cranial 
nerves in medulla and brain-stem as high as the 
mid-brain. The disease bore some resemblance to 
acute infective polyradiculitis in its rapid symmetrical 
onset and upward spread, its predominance of motor 
over sensory involvement, and the high protein 
levels in the cerebrospinal fluid. Against this were 
the absence of facial involvement, the occurrence of 
external ophthalmoplegia, the marked sphincter dis- 
turbance, the presence of extensor plantar responses, 
and the relatively rapid recovery, all unusual features 
of polyradiculitis. 

The fact that full recovery can occur in this 
condition makes management of the paralysed 
patient all the more important, since faulty treatment 
may be worse than no treatment at all. This is 
particularly the case if bulbar weakness supervenes 
on diaphragmatic and intercostal paralysis, when 
assisted respiration of the type provided by the 
standard tank respirator may aspirate pharyngeal 
secretions into the lungs. In the present case, 
although a slight degree of palatal weakness 
developed, there was no serious interference with 
the swallowing mechanism. Tipping the patient 
with frequent aspiration of the pharynx were 
sufficient to prevent accumulation of secretions 
during the short period of bulbar paralysis. 

Should the paralysis persist, however, experience 
with poliomyelitis in Denmark and elsewhere has 
shown that the ideal treatment for the combined 
respiratory and pharyngeal form is early tracheotomy 
with intermittent positive pressure respiration (Smith, 
Spalding, and Russell, 1954). There is no danger of 
inhalation and the arrangement permits of easy 
aspiration of the trachea and bronchi. Such treat- 
ment could be life-saving on the rare occasions when 
leptospirosis is complicated by spinal cord and 
brain-stem involvement. 


Summary 
The various types of neurological disorders occur- 
ring in leptospirosis are reviewed from previous 


reports. There are four main groups in order of 
frequency: 

(a) Meningitis which may be early or late and 
may occur either as a secondary complication 
of an attack of leptospirosis or as the primary 
feature of the illness. 

(b) Peripheral nerve lesions, usually a late com- 
plication, affecting the proximal muscles of the 
upper limbs. 
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(c) Cortical and cranial lesions, rare and unimpor- 
tant features usually occurring in severe 
infections. 

(d) Spinal cord lesions, which are also rare and 
consist of transverse or ascending forms of 
myelitis. 


The neurological lesions in the present series are 
described. There were 11 cases with symptoms and 
signs suggestive of meningitis, which occurred during 
a typical attack of leptospirosis. Three had cerebro- 
spinal pleocytosis and in a further four the cerebro- 
spinal fluid protein level was raised. 

Three cases of meningitis leptospirosa are des- 
cribed in which the illness was predominantly 
meningitic throughout. 

Two cases of peripheral neuritis are described, 
both affecting the upper limbs. 

One case of rapidly ascending mesencephalo- 
myelitis affecting the niotor and sensory functions 
of the spinal cord and brain-stem as high as the 
mid-brain is described. 

All patients recovered completely from the 
neurological sequelae. 

The manner in which leptospirosis damages the 
nervous system is discussed. 

The acute inflammatory reaction is a result of the 
invasion of the meninges by leptospirae. The 
inflammation is lymphocytic and is not followed by 
fibrosis. 

There is little to favour a vascular aetiology in the 
later neurological complications. However, there 
are some features of myelitis which suggest that it 
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may be an allergic response on the part of the 
nervous system. 

The management of patients with bulbar le: ons 
is briefly discussed, and early treatment wiih a 
mechanized positive pressure respirator comb ned 
with tracheotomy is recommended. 


I wish to thank the Director of Medical Services, 
R.A.M.C., for permission to publish this report. 
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{}:ain—Memory—Learning: A Neurologist’s View. 
By \V. Ritchie Russell. (Pp. xii + 140; illustrated. 18s.) 
Oxiord: The Clarendon Press. 1959. 

i) this admirable little book, Dr. Ritchie Russell aligns 
himself firmly with those who regard psychological 
issucs aS inseparable from the problems of neurology. 
“The developmental of the human mind,” he points out 
in his Preface, **.. . probably provides the most important 
evidence of all about cerebral mechanisms”—and it is 
just this evidence which the author seeks to embody in 
his general conception of brain function. In particular, 
he has been much impressed by the evidence relating to 
learning in early life and its importance for later develop- 
ment—evidence which hes been culled from sources as 
diverse as comparative zoology, experimental psychology, 
and psycho-analysis. This leads him to consider with 
particular care the whole problem of memory, which he 
traces from its comparatively simple origins in synaptic 
plasticity to the complex systems derived from past 
experience which must be assumed to operate in recogni- 
tion and recall. Although the gaps in our knowledge are 
enormous, Dr. Ritchie Russell makes a most praise- 
worthy attempt to bridge them. In particular, his excellent 
account of the traumatic amnesias leaves no doubt as to 
the contribution which clinical study can make to our 
understanding of memory. Of great interest, too, is his 
attempt to link the problem of early learning with the 
functions of the frontal lobes. Although admittedly 
speculative, this suggestion would seem well worthy of 
more detailed inquiry. 

Not unnaturally, Dr. Ritchie Russell devotes a good 
deal of space to aspects of neurology in which his own 
special research interests have lain. Thus he presents an 
admirably lucid account of concussion in which emphasis 
is placed upon the widespread distortion of hemisphere 
tracts rather than upon localized damage to the brain- 
stem. This account should do much to restore a more 
balanced perspective with regard to the problem of 
consciousness. Other chapters are devoted to the sensori- 
motor cortex, traumatic epilepsy, and the problem of pain. 
Although much of the material cited in these chapters 
will be already familiar to those who have followed the 
work of the author and his colleagues, the present 
account has particular value in bringing together a 
number of scattered contributions and in relating them 
to more general issues in neurology. Dr. Ritchie Russell 
also devotes some interesting pages to the problem of 
frontal lobe function and the rationale of leucotomy. 

lt is evident that a book which attempts to cover so 
much in so brief a scope cannot satisfy everybody. The 
present reviewer must confess to slight disappointment 
that the author has seen fit to devote only three and a 
half pages to aphasia and that apraxia and kindred 


disorders receive no more than passing mention. He has 
also the impression that the author’s treatment of 
theoretical issues leaves something to be desired. For 
example, there seems to be some real confusion regard- 
ing the Jacksonian concept of “levels of function” and 
its relation to the anatomy and physiology of cerebral 
systems. So far as the present reviewer has been able to 
follow Jackson, there is no suggestion in his writings that 
“levels of function” are to be regarded as governed in 
any precise way by considerations of structure. If this is 
correct, the fact that important aspects of behaviour may 
depend upon subcortical no less than upon cortical 
structures in no way invalidates Jackson’s position. 
Whatever the precise cerebral systems involved, say, in 
the activity of swearing, the latter remains less complex 
and more automatic than propositional speech, and to 
this extent demands treatment as a “lower level”’ function. 
Had Dr. Ritchie Russell given more attention to levels of 
psychological function, and to the correlated distinction 
between “negative” and “positive” sequelae of brain 
injury, it is possible that he would have provided an 
even more satisfactory neurological framework for the 
analysis of behaviour. 

It is noteworthy that Dr. Ritchie Russell lays particular 
stress on the work of Freud and his disciples in providing 
some account of the general development of human 
behaviour, if from a standpoint very different from his 
own. One might wish that this parallel had been developed 
somewhat more fully. Even within neurology itself, the 
role of psychopathological mechanisms of the type 
conceived by Freud is being increasingly acknowledged, 
as, for example, in recent studies of anosognosia and the 
mechanisms of denial. A more adequate appraisal of 
these mechanisms from the more cautious standpoint of 
neurology might appear both rewarding and timely. All 
the same, it may be hoped that psycho-analysts and others, 
whose attitude to neurology has not hitherto been 
marked by conspicuous tolerance, will take due note of 
Dr. Ritchie Russell’s broad-minded and generous 
tribute to the work of their master. 

This little book will have permanent value as recording 
the work and views of a physician whose vision extends 
far beyond the day-to-day preoccupations of clinical 
neurology. Its author combines the broad humanity 
of the good physician with the almost boyish curiosity 
of the born investigator. If he is at times simple-minded, 
it is a simplicity which surprisingly often proves nearer 
the mark than the sophistication of the professional 
scientist, at all events in the somewhat arid field of modern 
psychology. Anyone who cares about the mind and its 
physical basis will read this book with enjoyment and 
profit. 

O. L. ZANGWILL. 
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The Waking Brain. By H. W. Magoun. (Pp. viii + 138; 
55 figures. 36s.) Oxford: Blackwell Scientific Publica- 
tions; Springfield, Illinois: Charles C. Thomas. 1958. 

Every now and then some new cerebral or spinal 
mechanism is discovered which shows that current ideas 
of how things work are much too simple. The work of 
Dr. Magoun and his associates has been specially con- 
cerned with a study of brain-stem mechanisms which 
appear to facilitate or inhibit the general level of activity 
in the central nervous system. In this small book the 
author provides us with a welcome account of his reflec- 
tions on these and other recently described mechanisms. 
It seems clear that the presence of some very remarkable 
mechanisns for changing thresholds have been demon- 
strated, and can be thrown into action by artificially 
stimulating certain areas in the brain-stem. These 


areas are now referred to as the reticular formation, but 
the anatomical details of the mechanism are still obscure, 
as also is the means whereby these threshoid-changing 
activities are normally activated. 


The History and Philosophy of Knowledge of the Brain 
and its Functions. Edited by F. N. L. Poynter. (Pp. x + 
272; illustrated. 22s. 6d.) Oxford: Blackwell Scientific 
Publications. 1958. 

This volume contains the papers delivered at an 
Anglo-American symposium held in London in July, 
1957, under the auspices of the Wellcome Historical 
Medical Library. The 16 papers deal with various 
aspects of the history of thought on the function of the 
brain and its relationship to consciousness and mental 
activity, and in addition there is an address by Sir Henry 
Dale on Anglo-American cooperation in science and 
medicine. 

These papers are of great interest and some of them 
deal with aspects of the subject on which comparatively 
little has been written previously, outstanding amongst 
these being Dr. Veith’s contribution on non-western 
concepts of psychic function with illustrations of Tibetan 
medical scrolls and Professor Lewis’s account of Reil’s 
concepts of brain function. 


The Brain and Human Behaviour. Proceedings of the 
Association for Research in Nervous and Mental 
Disease, Vol. xxxvi., New York, December, 1956. 
Edited by Harry C. Solomon, Stanley Cobb, and Wilder 
Penfield. (Pp. xi + 564; 200 figures, 53 tables. 120s) 
London: Bailliére, Tindall & Cox. 1958. 

This is volume XXXVI of an already well known and 
valuable series. The presentation comes well up to 
previous standards, and the subject matter covers a wide 
field of neurology and the border country of psychology. 
The title of the book is slightly misleading in that several 
papers confine their attention to animal experimentation 
rather than human problems, but the very fact that 
psychologists and neurologists have got together to 
discuss their experiments, whether human or otherwise, 
is an advance indeed. Particularly outstanding are the 
papers of Lashley and Denny-Brown and Chambers 
which may well become classics as they open a new era 
of neurology and psychology, binding the two together 


as has never previously been possible. This is a fascinat- 
ing volume with a wealth of important contributions, byt 
one would wish that the editor had insisted on more con- 
ciseness and clarity. 


A Ciba Foundation Symposium on the Neurologica| 
Basis of Behaviour. Edited by Dr. G. E. W. Wolsten- 
holme and Cecilia M. O’Connor. (Pp. xii + +400: 109 
illustrations. 52s. 6d.) 
1958. 

In commemoration of the birth in 1857 of Sir Charles 
Sherrington a small international group of eminent 
scientists met in London in July, 1957, to discuss the 
accumulated neurophysiological data on behaviour dis- 
orders. Beginning with the historical development of 
ideas relating the mind to the brain, the ground covered 
includes researches into the effects on, and associations 
with, various forms of behaviour as a result of electrical 
or chemical stimulation of the brain. 

This is an excellent collection of authoritative essays, 
and will be a valuable source of information to many. 


The Sherrington Lectures V. The Excitable Cortex in 
Conscious Man. By Wilder Penfield. Liverpool. (Pp. 
ix + 43; 15 figures. 10s. 6d.) Liverpool University Press. 
1958. 

In this lecture Dr. Penfield describes many of the more 
dramatic of his experiences while stimulating the cerebral 
cortex in conscious man. The so-called ‘* psychical ” 
responses receive special attention and are of very wide 
interest. 

The reader will turn with interest to the recent views of 
what Dr. Penfield has called the “* centrencephalic ” 
system, and the “highest level in the brain’. It still, 
however, seems difficult to appreciate Dr. Penfield’s idea. 
The electrical stimulus to the temporal lobe which causes 
a complicated sensation of illusion or hallucination, or of 


memory, is thought to do so by activating a contrencep- . 


halic organization. The subjective visual sensations 
produced by stimulating the calcarine cortex are due to 
transmission to this central mechanism. This conception 
does not seem to get us very far. One might almost 
imagine that this central system does far more than the 
cortex itself, and yet surely there is here a confusion 
between the fact that cgntrencephalic structures must be 
normal for all brain activity, and the fact that we are 
dements without the cortex. It seems to be artificial to 
promote the brain-stem mechanisms to such lofty heights. 
Nothing works without them, but by themselves they are 
ineffective. Phylogenetically the cerebral cortex seems to 
have developed as an elaboration of the brain-stem and 
basal ganglia, and it would seem to be fruitless to try and 
and separate, and to place in order of importance, 
structures which are so intimately a part of each other. 


Autonomic Imbalance and the Hypothalamus. 3y 
Ernest Gellhorn. (Pp. xiv + 300; 101 figures, 12 tables. 
68s.) Published for the Minnesota University Press by 
the Oxford University Press, London. 1958. 

The hypothalamus is important as a major cerebral 
centre for visceral function. Recently growing physi0- 
logical evidence suggests it also plays an important pat! 


London: J. & A. Churchill, 7 
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in he alerting mechanism of the cortex. As such its 

est to clinical medicine and to the student of human 
bel. viour is increased. In this book Dr. Gellhorn 
rev ews the part played by the hypothalamus and the 
aut nomic system in the function of the central nervous 
syst _m. It is a subject he has worked on for over 20 years. 
in « tly chapters he discusses the basic neurophysiology 
of .1e autonomic system both sympathetic and para- 
syn) athetic, and the inter-relation between neuronal and 
hormonal control of autonomic change. He also dis- 
cusses analysis of autonomic function by the action of 
dru:s of known physiological effect. He then applies 
these findings to the physiology of emotional change in 
man, and mentions their possible applications to 
psychiatry. The book is stimulating and contains much 
useful and established facts on autonomic physiology. 
At times, however, the evidence is not very critically 


assessed and speculation is not very clearly separated 
from fact. 


Reticular Formation of the Brain. Henry Ford Inter- 
national Symposium. (Pp. xiv + 766; 361 figures. 115s.) 
London: J. & A. Churchill. 1957. 

This publication is a report of a symposium held in 
Detroit, Michigan, in March, 1957. 

The discovery of pathways in the brain-stem, which are 
concerned with mechanisms that alert the cerebral 
cortex, has led to a great deal of research in recent years. 
It has become apparent that alerting systems are “built 
in” to all parts of the central nervous system, and this 
volume illustrates some of the many approaches that can 
be made to this difficult problem. 


The Neurologic Examination. Incorporating the 
Fundamentals of Neuroanatomy and Neurophysiology, 
2nd ed. By Russell N. DeJong. (Pp. 1,078; 368 figures. 
140s.) London: Pitman Medical Publishing Co. 1958. 

Since the first edition of this book (1950) neuro- 
physiology and neuroanatomy have made very significant 
advances so that a revised edition was desirable. The 
presentation of this large volume is extremely good with 
its clarity of arrangement and illustration. In the preface 
the author states his “intent to make this work a practical 
guide to students and practitioners of medicine in the 
study of the essentials of the neurologic examination and 
the fundamentals of clinical neurology”. Most medical 
students, however, would develop an acute anxiety state 
if confronted with this large volume, and many medical 
practitioners would certainly believe that neurological 
diagnosis is even more time consuming than it is in 
reality. In spite of this book being a mine of information, 
the experienced neurologist, using it as a book of reference, 
may not find an answer to his question. The neuro- 
anatomy is dealt with clearly and simply, the neuro- 
Physiology as such is scant and is seldom more than 
popularized functional neuroanatomy. The references 
at the end of each chapter are a useful selection as an 
introduction to the literature. 


Diseases of the Nervous System. By Sir Francis Walshe. 


(Pp. xvi + 373; 58 figures. 30s.) Edinburgh: E & S 
Livingstone. 1958. 
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This book first appeared 18 years ago and has been 
through nine editions since then. This certainly bespeaks 
a continuing popularity. Although it is directed pri- 
marily to the student and practitioner, it is of value to the 
neurologist for it gives the opinion of one with long 
clinical experience and a background of neurophysio- 
logical thinking. Its bulk has not increased greatly but 
it remains an up-to-date presentation of neurology. At 
a time when the biochemical approach to certain neuro- 
logical problems is proving its value both in clinical 
practice and clinical investigation it is appropriate that 
two new chapters by Dr. John Walshe on biochemical 
aspects of neurology should be added. The book will 
continue to earn and deserve a widespread audience. 


Head Injuries. Compiled by E. S. Gurdjian and 
J. E. Webster. (Pp. 482. $14.00.) Boston: Little, 
Brown and Company. 1958. 

This volume reflects the experience of two neuro- 
surgeons in the field of head injuries, and provides a 
practical account of many of the problems of manage- 
ment. As a work of reference for the unusual, however, 
this book is disappointing. Thus the consideration of 
the physical forces concerned with head injury, the 
traumatic amnesias, the traumatic dementias and lesions 
of the cranial nerves, are both superficial and inadequate. 


The Relation of Psychiatry to Pharmacology. By 
Abraham Wikler. (Pp. viii + 322. 32s.) London: 
Bailliére, Tindall & Cox. 1957. 

This book is a survey of the literature of the period 
1930-1955 dealing with the effects of drugs used in 
psychiatry in the treatment or investigation of mental 
illness. The second section of the book deals with 
theories of the mechanisms of these drugs, under three 
headings, biochemical, neurophysiological, and psycho- 
logical. 

The author has set himself a mammoth task and has 
had to set a limit to the number of drugs discussed. 
When one sees, however, that he has restricted himself 
to the discussion of “insulin, carbon dioxide, barbiturates 
and other anaesthetics, amphetamine and metampheta- 
mine, pipradol, chlorpromazine, reserpine, meprobra- 
mate, azacyclonal, d-lysergic acid diethylamide and 
mescaline’’, other drugs being discussed only incidentally, 
it will be obvious that very little of importance has been 
omitted. 

This review is intended primarily for pharmacologists 
but is of immense value to psychiatrists, confronted as 
they are with a vast and often contradictory literature 
regarding the efficacy of the various drugs. The sceptical 
approach of the author is most salutary and clinicians 
come in for some sharp criticisms because of their 
penchant for formulating theories which are logically 
untestable and therefore irrefutable. A review of the 
literature in this field was needed and when the review 
is as good as this it can be strongly recommended. 

The material in this book was originally intended to 
be published in pharmacological reviews but the size of 
the manuscript did not allow publication in that form. 
The publication was subsidized by the American Society 
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for Pharmacology and Experimental Therapeutics so 
that it could be made available without delay and at as 
low cost as possible. It is in a paper cover but is exceed- 
ingly good value. 


Psychopharmacology. Edited by Harry H. Pennes. 
(Pp. xiv + 362; 35 figures. 60s.) London: Cassell. 
1958. 

This symposium reviews the problems encountered in 
the study of the effects of drugs on the brain. There 
were 41 participants and every contribution reveals 
major difficulties in work in this special branch of 
pharmacology. For instance, the first chapter by Linden, 
Quastel, and Sved on the effects of chlorpromazine on 
brain metabolism in vitro illustrates the contrast between 
accurate biochemical techniques and the problem of 
extrapolation of the results. Dr. Asenath Petrie makes 
an interesting contribution on the comparison of the 
effects of chlorpromazine and surgical cerebral lesions. 
The problems of devising adequate tests are stressed by 
her. ‘‘We are at the stone age of personality testing.” 
Nevertheless the comparison between the effects of 
chlorpromazine and frontal lobotomy is a striking one 
and illustrates a method of study which may be profitable 
in the future. 

J. A. Schneider and E. B. Sigg, in a summary of the 
pharmacology of chlorpromazine, reserpine, and 
meprobamate, show the complexity of the comparative 
analysis of these drugs. 

Throughout the symposium there is a great awareness 
of species differences, a hesitation to extrapolate, and a 
readiness to adopt new techniques for assessment of 
drug action in the central nervous system. These are 
commendable attributes. It is also clear that the subject 
is in a state of detailed complexity. Lack of knowledge 
about chemical transmission in the central nervous 
system and the perpetual difficulty of relating chemical 
structure to pharmacological action combine to bring 
this about. 

This kind of book is out of date the day it is printed, 
so prolific are the investigators, but it is a useful guide to 
present-day knowledge. 


Recent Advances in Cerebral Palsy. Edited by Ronald 
S. Illingworth. (Pp. x+ 389; 136 figures. 50s.) London: 
J. & A. Churchill. 1958. 

Public interest in, and sympathy for, children who are 
crippled by various motor disorders has led to a special 
interest being taken in what are generally called “‘spastics’’. 
Many of these children are of course mentally defective 
and the separation of those who have severe motor 
disorder into a group to be given special attention may 
at times become unreasonable. 

Professor Illingworth has, however, concentrated on 
those who are palsied, and from this point of view his 
book is essentially practical and simple, so that it may 
be referred to with advantage by the various medical 
auxiliaries who deal with these children. Various types 
of physiotherapy are described but the terms used often 
mean little to the uninitiated; so perhaps success depends 
more on the personality of the therapist than on the 
method used. 
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It is, however, disappointing that the scientific as; cts 
of this difficult subject are neglected. Thus the fur da- 
mental importance of embryological and _neiro- 
physiological studies are ignored, and indeed both the 
neurological and pathological findings receive . nly 
scant and superficial consideration. 


A Primer of Cerebral Palsy. By Joseph D. Russ and 
Hyman R. Soboloff. (Pp. viii + 77; 16 figures. 30s.) 
Oxford: Blackwell Scientific Publications; Springtield, 
Illinois: Charles C. Thomas. 1958. 

Public sympathy for children with cerebral palsy has 
provoked the medical profession to try and do something 
about the problem. The authors of this small book are 
closely associated with cerebral palsy centres in the U.S.A. 
and it is somewhat startling to read of the large variety 
of specialists concerned with these unfortunate cripples. 
Thus there is an orthopacedist, paediatrician, physiatrist, 
neurologist, psychiatrist, psychologist, ophthalmologist, 
otolaryngologist, and dentist. As regards treatment 


there is a physical therapist, occupational therapist, 
speech therapist, nursery school teacher, special educa- 
tion teacher, vocational rehabilitation worker, medical 
social worker, public health nurse, and the administrator. 
It is remarkable that the little patients progress favourably 
under the scrutiny of such a formidable gathering! 


Lectures on Epilepsy. Edited by A. M. Lorentz de 
Haas. (Pp. viii + 172; 13 figures. 24s.) London: D. Van 
Nostrand Company Ltd. 1959. 

These lectures are concerned with reports from research 
workers in France, Norway, Switzerland, and _ the 
Netherlands, and it is clear that some refreshing 
approaches to the problem of epilepsy are under active 
study. Thus Professor M. David and Dr. Michelle B. 
Dell (Paris) write “* . . . with the exception of such cases 
as involve an unmistakable cortical lesion, the surgical 
approach (to epilepsy) should be based not so much on 
the suppression of specific lesions as on the interruption 
of a circuit or the alteration of a system. The conception 
of a functional type of neurosurgery, therefore, would 
seem to prevail over that of a specific lesional type of 
surgery.” 


Epilepsy Handbook., By Frederick A. Gibbs and 
Frederick W. Stamps. (Pp. ix + 101; 8 figures, 3 tables. 
36s.) Oxford: Blackwell Scientific Publications. 1958. 

This small book sets out to be a compact practical 
compendium of useful knowledge about epilepsy, and 
on the whole it succeeds. The chapters on treatment and 
general management are excellent. The chapters on 
causes and types of epilepsy reflect the current differences 
of opinion on classification. The authors consider 
epilepsy as “what the brain does when it is slightly 
injured” but also appear to consider it a disease sui 
generis. These two views at times make uneasy bed- 
fellows: especially as the authors consider the constitu- 
tional factor as relatively unimportant. Further 
difficulties arise from a slight tendency to force clinical 
classification to fit E.E.G. findings. Thus post-alcoholic 
fits and narcolepsy/cataplexy are regarded as non- 
epileptic, whereas febrile convulsions and attacks of 
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_ -ziness and pain, or uncontrollable rage associated 
\.. (hb E.E.G. changes, are considered epileptic. The latter 
, labelled thalamic and hypothalamic epilepsy (there 
is .o mention of Gower’s vasovagal attacks). Neverthe- 
le s the descriptions of various clinical forms of epilepsy 
a: clear and concise and where appropriate accompany- 
in E.E.G. abnormalities are well illustrated. 


‘he Physical Foundation of Biology. By Walter M. 
| asser. (Pp. 219; 16 figures. 30s.) London: Pergamon 
P.-ss. 1958. 

his book is written by the Professor of Physics in the 
University of California. He introduces himself as “a 
thcoretical physicist fairly familiar by long practice with 
vaiious aspects of biology”. The first two-thirds of the 
book are an exposition of three physical subjects in their 
relation to biological phenomena. He discusses in turn 
the theory of automata, i.e., computers, information 
theory, and the theory of microscopic measurement, and 
the description of these is clear, lucid and non-mathe- 
matical. The rather difficult concepts underlying infor- 
mation theory are discussed, and analogies and com- 
parisons are made with biological systems. A section of 
particular interest to neurologists is that on pulse codes 
in which the author comes to the conclusion that the 
analogue character of cerebral operation has not always 
had the attention it deserves. 

He then begins to draw away from purely mechanistic 
ideas and in the chapter on storage and memory writes: 


“There is no anatomical evidence for a storage 
organ.” . . . “Brain physiology has not brought to 
light any evidence for the existence of the highly 
complicated special scanning devices. . . . The appar- 
ently complete absence of a limit to the amount of 
information that can thus be maintained . . . by the 
human brain.” 


Here a larger acquaintance with clinical neurology 
might have made the author’s task easier. A study of 
clinical conditions involving defects in memory indeed 
suggest that there is no evidence for a storage organ, but 
make it seem possible that the mechanisms of both 
analysis and storage are anatomically so close that they 
cannot easily be separated by the lesions of disease, or 
experiment. Defects in visualization are of special interest 
here. On purely physical grounds the postulation of 
biotonic laws not deducible from physics is made. This 
view is contrary in many ways to that taken by 
Schrédinger in ‘What is Life’’. 

In general, however, this is an informative, provocative, 
and stimulating book of considerable importance to 
neurologists and psychologists. There is an excellent 
summary of the chapters with page references at the end 
of the book which makes the sequence of arguments 
easier to follow. 


Neurological and Psychological Deficits of Asphyxia 
Neonatorum. Edited by William F. Windle. (Pp. xiv + 
336; 83 figures. 60s.) Oxford: Blackwell Scientific 
on Springfield, Illinois: Charles C. Thomas. 
958. 

This book reports the papers given at a conference 
held in September, 1956, which was sponsored by various 
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institutes and associations, including the United Cerebral 
Palsy Association. The frustrations and difficulties of 
the subject are well illustrated by these contributions, 
but the developing work on experimental animals is 
reported by several workers and holds promise for the 
future. 


The Psychiatric Hospital as a Small Society. By 
William Caudill. (Pp. xxii 406: illustrated. 52s.) 
Harvard University Press (London: Oxford University 
Press). 1958. 

The author of this book is a social anthropologist who 
spent several months as an observer at a small psychiatric 
hospital in America. He spent several months on the 
wards, and attended the daily conferences of doctors, 
nurses, and ancillary staff. He also devised a projection 
test of a series of pictures of situations in the hospital 
which he presented to patients and to members of the 
staff. 

He demonstrates the conflict between therapeutic and 
administrative requirements in the handling of patients, 
and how differences of opinion between senior and 
junior medical staff influence the progress of treatment 
of a patient. His analysis of the daily administrative 
conferences shows the interplay between the individual 
doctors, and between the different hierarchical groups, 
senior doctors, junior doctors, nurses, and so on. 

There can be little doubt that far more happens when 
a patient enters a psychiatric hospital than that he is 
given some specific treatment and, perhaps, improves. 
The nature of the treatment often depends upon irrational 
factors, and whether or not the patient improves depends 
at least to some extent upon the relationships between 
the various members of the staff and the other patients 
as well as upon the specific treatment he receives. These 
are all factors which are little understood but are of 
considerable importance. Although this study is applic- 
able to an American hospital where conditions are very 
different from those in this country, there are many 
points of interest in this stimulating book. 


Attempted Suicide: Its Social Significance and Effects 
Vol. 4 (Maudsley Monographs). By E. Stengel and 
Nancy G. Cook. (Pp. 136. 25s.) London: Chapman 
and Hall (for the Institute of Psychiatry). 1958. 

This book is the fourth of the Maudsley Monographs. 
There is a review of the present state of research into 
suicide and the difficulties inherent in any such research. 
Much factual evidence is then given about five groups of 
attempted suicides and one group of successful suicides. 
frequently in tabular form. Such a presentation makes 
for very dull reading unless it is relieved by discussion of 
the significance of the facts. There is, in fact, a paucity 
of discussion and little integration of the findings of the 
various groups. 

The main conclusion of the authors is that attempted 
suicide is not the same as unsuccessful suicide but is a 
final appeal to the community for help. This is a some- 
what naive conclusion and the evidence for it, amongst 
such a welter of data, is anecdotal rather than statistical. 

If a reprint should be called for it is hoped that the 
many errors in the bibliography will be corrected. 
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ed. By Henry Mcllwain. (Pp. vii + 288; illustrated. 45s.) 
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Psychiatric Congress 
A Czechoslovak psychiatric congress with international 
participation will take place at Jesenik Spa, Grafenberg, 
from September 7 to 11, 1959. Further information 
may be obtained from Dr. E. Wolf, Secretariat of the 
Psychiatric Congress, Ke Karlovu 11, Praha 2, Czecho- 
slovakia. 


Ninth Annual Instrument Symposium 
The Ninth Annual Instrument Symposium and 
Research Equipment Exhibit will be held from September 
28 to October 1, 1959, at the National Institutes of Health, 
Bethesda, Maryland. Further information may be 
obtained from James B. Davies, National Institutes o! 
Health, Public Health Service, Bethesda 14, Maryland. 


Scandinavian Society of Neurosurgery ; 
The 14th annual meeting of the Scandinavian Societ) 
of Neurosurgery (Nordisk Neurokirurgisk Forening), 
will take place at Sédersjukhuset, Stockholm, Sweden, 
on September 4 and 5, 1959. Further information may 
be obtained from Docent R. Frykholm, M.D., Sédersjuk- 
huset, Stockholm. 
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MEMORIES OF HUGH CAIRNS* 


SIR GEOFFREY JEFFERSON 


fugh Cairns was born at Port Pirie in South 

stralia on June 26, 1896. That is the starting 

nt, but some enrichment should come from a 

tch of his early days and his Australian back- 
goound. To be born of sound, if humble, stock 
under the high and wide Australian skies is as 
fine a beginning as a 
man could desire. His 
father, William Cairns, 
threatened with tuber- 
culosis, had sailed out 
from Scotland on medi- 
cal advice. At Port 
Pirie he had found 
work in timber con- 
struction for the load- 
ing of ships, for this 
was the port of ship- 
ment from the smelting 
plant of the great 
Broken Hill Proprie- 
tory, Australia’s chief 
up-country mining area 
and today its largest 
and richest company. 
In Broken Hill, silver, 
lead, and other metals 
had been found in 
quantity. Hugh went 
to school at Port Pirie, 
transferring to the 
Riverton High School 
when his parents 
moved away to this 
quiet little place of 
some 600 or 700 
people. It lies in good 
agricultural farming 
land and sheep country. Many of Australia’s best 
vineyards are not far away, and it is a pity that we 
rarely see their products. There Hugh’s parents 
established themselves, his mother in particular 
being still remembered as a very kind woman to 





The first Sir Hugh Cairns Memorial Lecture delivered at the 
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whom all went for advice, She had natural talents 
and a zest for life; she was one to whom everyone in 
the village went with their troubles. Perhaps from 
her he inherited his love of music, which she taught, 
but there was also his father with his violin playing. 
Hugh inherited something else from his father, a 
perfectionist trait in 
manual skills. The 
son was fortunate to 
have fused into his 
character so much of 
the best qualities of 
his parents. I have had 
the pleasure of visiting 
Riverton, a quiet place 
indeed, basking and 
often baking in the 
brilliant sun and heat 
of South Australia. I 
saw the little primary 
school and met, by 
request, two or three 
people who had been 
Hugh’s school fellows. 
It is a mixed school 
now, as in Hugh’s day, 
boys and girls in one 
room, a practice com- 
mon enough in small 
schools in our own 
country. A boy who 
made stupid answers 
was put back to sit 
with the girls. This 
was not Hugh’s fate, 
because from early 
days, they still remem- 
ber, he learned so fast 
that he outshone his companions. There is a 
story current at Riverton that a visitor who had 
asked him, as, aged about 4 or 5, he sat on the 
floor playing, what he wished to be, received the 
reply, “the greatest doctor on earth!’ Only just 
credible, I suppose. The child went far on the 
way to that impossible goal. It was not long before 
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Hugh won a bursary that took him 60 miles to 
the Adelaide High School. This is a fine school 
by any standards, as so many Australian schools 
are, finely rebuilt since Cairns’ day. In conver- 
sation with his old headmaster, Mr. West, I found 
that he was deeply impressed still by his memories 
of the boy. “A bright, frank, and candid boy— 
always popular but never seeking to be,” he said 
of him, “always top of his class and finally top 
of the school.” No one, I venture to say, will deny 
that this was a wonderfully accurate forecast of the 
character of the man. Winning an exhibition he 
moved on to Adelaide University where he continued 
his unbroken story of success. There he met 
Leonard Lindon who, as another oarsman, Rhodes 
Scholar, and eventual neurosurgeon, became one of 
his closest friends. They had many qualities in 
common. Hugh Cairns was not noted, it seems, for 
athletic prowess until He took up rowing at the 
University. Soon he was in the Adelaide University 
crew as he was again at Oxford, gaining his ‘““Blue”’ 
in 1920. Rowing men rarely excel at ball games and 
though Hugh Cairns was interested in all sport he 
by no means allowed that interest to encroach on 
his work. Work dominated his life from the earliest 
days; it was dogged that did it, he was not to be 
distracted from the task in hand. On leaving Oxford 
he abandoned rowing to work for his F.R.C.S., the 
aim of all good Australians with surgical ambitions 
and a worthy one. He and Lindon roomed in the 
same house as Archie Malloch, the young Canadian 
who had watched at Osler’s bedside and became 
eventually Librarian to the New York Academy of 
Medicine; they burned his gas-fire far into the night, 
having no money for their own. 

The high spot in his life so far had been his 
acquisition of a Rhodes Scholarship in 1919. 
Balliol was his College, and he could have had no 
better. He gave it all his loyalty and admiration (in 
1937 Balliol repaid him by making him a Fellow). 
Before this he had had two periods with the army 
in the First World War, was invalided back to 
Adelaide from Lemnos with typhoid, there to 
finish his medical studies and return at once to 
France to an English battalion until the war’s end. 

Hugh Cairns went to the London Hospital after 
having a resident post at the Radcliffe Infirmary. 
He was house surgeon to Henry Souttar (1921) and 
house physician to Sir Robert Hutchison in the same 
year. He had already been assistant in pathology 
under Professor Turnbull where he began the work 
on tumours of the testis that he presented as his 
address as Hunterian Professor at the Royal College 
of Surgeons in 1925. Turnbull, whom he greatly 
admired, certainly implanted in Hugh a life-long 
interest in pathology. By this time he was assistant 
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on the Surgical Unit under (Sir) Henry Sou: ar, 
Director of the Surgical Unit. At the sugges on 
of Alan Gregg, from that time on_his friend ind 
helper, and fired by his reading of Harvey Cushi .g's 
writings, he applied successfully for a Rockef( ller 
Travelling Scholarship and went to the Peter !’ent 
Brigham Hospital for 12 months in September, | 26, 
shortly after appointment to the honorary sta! of 
the London Hospital (June 2, 1926—full surgeon 
June 7, 1933). From that time on his future was 
certain. 

Stimulated by Cushing’s example by what he had 
learned at first hand and by Cushing’s advice he 
had decided to devote his life to neurological 
surgery as a specialty. Many wagged their beards in 
dismay because no surgeon in London had ever 
thought that he could make a living out of so recon- 
dite a pursuit—nobody, that is, since Victor Horsley, 
and he had done a little general surgery. Much 
wiser, it was thought, would it be to take neuro- 
surgery as a sort of dilettante hobby, an ornamental 
sideline to bread-and-butter general surgery in the 
way that Percy Sargent was so successfully doing. 
Cairns was nothing if not stubborn and, it must be 
said, courageous. Aided by a grant from the 
Rockefeller Foundation arranged for him by Alan 
Gregg, he thought that he could get by if he lived 
quietly. There were hardships as there were for all 
ambitious young men without capital in those times. 
The project could not have succeeded except with 
the collusion and help of his wife, Barbara Smith, 
the beautiful youngest daughter of the Master of 
Balliol. By the happy circumstance of his marriage 
Hugh had forged another link binding him to 
Oxford. Fortune had certainly smiled in other ways 
as well on this vigorous and friendly young Australian 
with the charming manners, for there was nothing 
brash or raw about Hugh—nothing, that is, if he 
was getting his own way! Rarely did he fail to do 
so, for everything seemed to come to him of its own 
accord. ‘ 

The year of his return from Boston saw the start 
of his efforts to found a neurosurgical department 
to pair with the medical neurology of George 
Riddoch and Russell Brain. This had meant a 
breakaway from Souttar and such neurosurgery as 
was already in being. Cairns thought this break 
unavoidable. He wished to apply the special 
techniques, the team work, and ways of thinking 
that he had learned with Harvey Cushing and he 
knew that he could do so only if he were in control 
and independent. Cairns felt badly about the 
break because Souttar had been nothing but kind 
and helpful to him. In his last illness Hugh Cairns 
told me that it still worried him that he had hurt 
Souttar’s feelings. As a junior surgeon there wer: 
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\ifficulties in establishing something different from 
he traditional teaching hospital unit. I know this 
ecause I was facing the same problems at the same 
me but with more encouragement from colleagues. 
* was our common enterprise that bound Hugh 
iirns and me together at an important time—that 

id perhaps a mutual liking. (When I read again, 

I have been doing lately, his letters to me from 
. 29 onwards, Hugh’s personality, his generosity, 

me back to me as if he were alive, as if I had 

y to reach out for the telephone and I could 
, cak to him.) The ideal we shared was of a self- 

itained unit with the ambition to raise the work 

ne in it to the top level of international ranking. 
| iis did not come about overnight, for either of us. 

was 1932 before these units were firmly established: 
ii Manchester, my own with Harry Platt’s in 
 thopaedics in our hospital epitomized a veritable 
revolution in the finding of a sufficiency of beds for 
specialties in a teaching hospital. Hugh’s unit at the 
London Hospital was not officially established until 
1934 but was no more than a formal acknowledge- 
ment of an established fact. 

In 1930 we find him Secretary to the Section of 
Surgery at the B.M.A. Meeting in Canada. Cairns 
had already won a considerable reputation and he 
was shortly joined at the London by overseas 
trainees—Frank Morgan (Melbourne), Hugo 
Krayenbihl (Zurich), Almeida Lima (Lisbon), and 
Obrador (Madrid) amongst others—all men of the 
highest quality who have since made great names 
in neurosurgery. Douglas Northfield came to join 
Cairns in 1934 when his unit was complete and 
remained his staunch and intelligent aide, to become 
his admirable and wise successor. 

Following the lead of Cushing and other Ameri- 
cans, he made his private patients come to consult 
him in the rather poky little room at the London 
Hospital that was all that he had of his own. It was 
a fault of our hospital construction that there was 
no place for any of the honorary staff to sit and 
work and write. There were the wards’ and the 
operating theatre and somewhere for the surgeon 
to hang his hat while he operated or did ward 
rounds—no more. That used to madden me—as it 
did Hugh Cairns. But anyone who wanted more 
was thought to be an odd sort of fish. If he were a 
neurosurgeon too he was probably crazy. Nowadays 
only the elder staff members remember that the idea 
of dealing with private patients at teaching hospitals 
Was not only a new one 30 years ago but one that 
did not commend universal approval. That state 
of affairs has now been remedied as everyone 
knows. It came about at the London Hospital in 
1936, and Cairns had been on the Committee for- 
Warding the change. What was equally bad was that 


facilities for clinical research were virtually non- 
existent and (what was equally bad) many universities 
had either no or inadequate facilities for survival 
experiments on animals. 


Reports on Cushing’s Work 

The publication by the Medical Research Council 
in 1929 of Cairns’ special report had brought him 
at once into the public eye. It was an account of the 
work done in the 12 months, September, 1926-27, 
when he was working as one of Harvey Cushing’s 
assistants at the Peter Bent Brigham Hospital in 
Boston. Previously, in reports by Cushing himself, 
whether in his books or in his many papers and in 
those of his asistants, the objectives had been limited 
to descriptions of some or other neuropathological 
or clinical or surgical subject. Cairns’ report was 
different. It had the great advantage that it covered 
the whole field, giving a global view of a year’s 
work in intracranial tumour surgery by the master 
surgeon of the day. Although the material was 
Cushing’s there was a great deal of Cairns in it. 
It was in fact so cleverly composed and illustrated 
by the occasional case history that it made first-rate 
reading and time has not diminished its interest. 
Of the 369 cases admitted to the Brigham during 
Cairns’ stay, 157 had tumours verified histologically 
and of those the 135 survivors proved the material 
for Cairns’ later follow-up review in 1936. To that 
I shall refer in a moment. The clinical accounts 
show all the care that was to mark Cairns’ future 
work. He brought back to this country a character- 
istic of Cushing, the continual appraisal and periodic 
publication of his surgical mortality and something 
else—the forging of bonds between the patient and 
his surgeon so that after-histories were known. 
This had been a necessary and indeed a basic feature 
of Cushing’s work since he was determined to 
establish the life history, the natural history of the 
sO various tumours. The other thing that emerged 
was the importance of study of the visual fields 
applied to most neurological and all neurosurgical 
cases. Field studies were no new thing to us in 
Britain but Cushing was the first surgeon to make 
great use of them. The lucky chance of the coming 
of C. B. Walker to work with Cushing led to the 
introduction of quantitative perimetry. It was an 
ironical fact that Cushing’s earlier erroneous belief 
that interlacement of the colour fields was a reliable 
sign of brain tumour led him to operate on General 
Leonard Wood’s meningioma, an operation the 
success of which, he told me, he thought had 
played a considerable part in his invitation to leave 
the Johns Hopkins Hospital for Harvard. Cairns 
in his report discussed ventriculography. It had 
been used in no more than 37 of the 369 cases and 
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was the cause of death in two and of grave symptoms 
in a third. Cushing had been first hostile to and 
then niggardly in the use of pneumography, not 
merely because it came from Dandy but because he 
believed that it was more dangerous than Dandy 
allowed and there he was right. Glancing over the 
material for that year when Cairns was there, we see 
that there were 61 patients with gliomas operated 
upon, of whom 11 died (18%), 29 patients with 
pituitary adenomas of whom one died (3-4°%), all 
but two operated on by the trans-sphenoidal route. 
and 28 patients with meningiomas with five deaths 
(17-8% mortality). To have seen all those cases so 
skilfully handled, to have been one of a team of 
devoted young men, to have watched the tumour 
types so expertly differentiated by Percival Bailey, 
and to have worked in a clinic where discipline was 
so high and where hours of work to the point of 
exhaustion were the rule—all this was a wonderful 
experience. (Norman Dott had been through it two 
years earlier.) 

This report made it clear that a new figure had 
emerged on the London stage. Patients began to come 
to him not only from the staff of his own hospital; 
soon he had accepted an appointment to the Maida 
Vale Hospital (1931) and to Queen Square in 1935. 
In no time, as it seems looking back on it, he was 
reading papers on subjects that remained his 
favourites—brain abscess and injuries of the dura by 
fractures involving the paranasal sinuses. But by 
the year 1937 he was able to read a paper in Zurich 
describing his own tumour work during the 12 
months of 1936 which almost matches what he had 
seen in Boston exactly 10 years earlier. He had had 
120 verified tumours: 47 gliomas with a 12:7% 
mortality, 21 meningiomas with two deaths (9:5% 
mortality), eight acoustic neuromas, and seven 
angioblastic tumours, both with no deaths. The 
only score on which Cushing was much ahead was 
that of the pituitary, for Cairns had only 10 cases 
and three patients died—an unlucky run. 

To revert to what I called a pet subject of Cairns, 
brain abscess. In 1930 he took part in the discus- 
sion by the otologists on this subject. Heinrich von 
Neumann of Vienna, then one of the most famous in 
his field, spoke of the cases that he had collected 
from the literature. Of 387 patients with temporal 
lobe abscesses, 61°% had died and 88% of 124 
patients with cerebellar abscesses. Von Neumann 
himself had had two recoveries in 27 cases. When 
Cairns came to speak he was emphatic on the need 
for better and more studious clinical examinations 
of these cases. Too many of the 200 patients with 
brain abscesses found in the post-mortem room since 
Professor Turnbull had began to keep accurate 
records at the London Hospital in 1908 had died in 
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medical beds after admission in coma or with wr. ig 
diagnoses. He gave excellent and much nee: od 
advice on needling the brain and on the deduct). ns 
that could be drawn from what one saw thro. ¢h 
a large enough burr hole. The results of the surgery 
of brain abscess did not immediately impr: ve. 
Three years later he reported with Charles Donald 
his own figures. He had had 10 recoveries in 23 
patients. We were, nevertheless, all set for the 
revolution unparalled elsewhere in the body which 
did eventually come from penicillin and the other 
antibiotics and bacteriostatics—a work in which 
the Oxford School, first under Cairns then under 
Pennybacker, has excelled. 

I must pass over with little more than a mention 
some papers such as that on head injury (with 
Russell Brain, 1928), on the treatment of spinal 
ependymomas (with George Riddoch, 1931), on the 
treatment of glioblastomas with radium (with 
Stanford Cade, 1931), his experiments with John 
Fulton on the effects of radon on the spinal cord 
(1930), and the very carefully described and 
cautiously treated case of pinealoma (with Wilfred 
Harris, 1932). 

Cairns never lost the enthusiasm for pathology 
which had brought him originally to Turnbull's 
laboratory and finding there that remarkable person, 
Dorothy Russell, seized on to her to give him the sort 
of help that Cushing had had from Percival Bailey. 
Knowing that she was interested and could be more 
so in the structure of brain tumours he put her up 
for a Rockefeller Travelling Scholarship and sent 
her off to study in the States. Thus began a most 
valuable partnership, only broken when she declined 
to accompany him when he moved to Oxford, a 
refusal which astonished him. But those privileged 
to know Professor Russell will readily credit her 
with having a mind and purpose of her own. The 
fortunes of war took her in good time willy-nilly to 
Oxford but she did not stay. Hortega was already a 
bird of passage there. However, the Cairns-Russell 
partnership was a vitally important factor in Hugh 
Cairns’ development and in the success of the London 
Hospital department. They wrote together two 
important papers on the seeding through the 
subarachnoid fluid pathways of gliomas, not only 
malignant but benign, papers marked by scrupulous 
technique. The older members of the Society of 
British Neurological Surgeons perhaps remember a 
joint paper given by Hugh Cairns and Dorothy 
Russell on the way in which different sorts of stains 
would bring out important variations in the histo- 
logical appearances of brain tumours. Professor 
Russell’s work on the tissue culture of intracranial 
tumours stemmed from those beginnings. 

In 1935 Cairns went back, this time to New Hav n 
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-ause Harvey Cushing was there now as Professor 
Neurology at Yale and where Dr. Louise 
senhardt had set up the Brain Tumour Registry. 
irns’ object was to find out not only who of the 
tients operated upon by Cushing at the Brigham 
1927-28 were still alive but also to enquire into 

- usefulness of the lives that they had led. Cushing 

. 5 delighted to have him back for he had been 
d of Hugh, he admired him and was proud of 
Above all it was a matter for the greatest 
sfaction that he had in him a really flourishing, 
“pected, and well-thought of pupil in London. 
o many London neurologists had been unfriendly 
Cushing, had belittled his achievements. Jibes at 
slow, careful Halsted method of operating were 
-erheard by visitors from the U.S.A. and reported 
ack home. Cushing was too sure of himself to 
care greatly but it was a good reply to get British 
disciples. Dott and Cairns were outstanding 
esumples. Hugh Cairns’ report on his follow-up 
was published in 1936. Of the 135 patients who had 
survived operation he found that 72 had died since, 
63 were alive seven to nine years afterwards, and of 
those the best performance had been given, as we 
should expect, by those with acoustic neurinomas, 
pituitary tumours, and the menigiomas. Three of 


four cases of cerebellar astrocytoma were alive, and 
four of 15 cases of hemispheral astrocytoma. The 


average survival of patients with gliobastoma had 
been six and a half months, the longest 14 months. 
We know now that Cushing himself had spent too 
much time on those malignant gliomas but so had 
many of us until angiography came along mercifully 
to release us from that hopeless burden. 

This survey by Cairns is a model of its kind; his 
discussion of what constitutes usefulness in life 
shows that knowledge of psychology which was to 
emerge in a later period of his work. While on this 
visit he wrote to Barbara that he was formulating a 
plan in his mind for something big and new at 
Oxford. We know now what that was. 

An important discovery that belongs to the 1930s 
was the description with C. S. Hallpike of the 
temporal bones from two patients who had died from 
intracerebellar clots after eighth nerve sections for 
the Méniére syndrome. Cairns had kept the four 
temporal bones in the hope of salvaging something 
important from disaster. After six months’ thought 
and enquiry as to whose would be the safest hands 
to receive this precious material, he acted on 
Turnbull’s advice and gave them to Hallpike, then 
at the Ferens Institute. Hallpike has told me how 
very carefully he was cross-examined and how 
cagely he was looked over before Cairns thought it 
safe to put the bones into his hands for histology, 
with what eventual result everybody knows (1938). 
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Hugh Cairns had now been established in London 
for 10 years. By the honesty of his opinions, by his 
very likeableness, and by his unquestioned skill he 
had built up not only a first-class neurosurgical 
department at the London Hospital but he had 
acquired a busy private practice, one more time- 
consuming, more demanding than he found con- 
venient or desirable. With his heart really in the 
London Hospital but his livelihood in the nursing 
homes of the Harley and Wimpole Streets area he 
was finding it difficult to live up to the ideals of 
perfection that he had long ago set himself. He was 
still the only whole-time neurological surgeon in 
London and even had he not been, who can doubt 
that his popularity would have been as great and 
his dilemma no less. He had been appointed to 
the National Hospital in 1935 but he operated on 
only one case there; he already had other fish to fry. 
He and I had worked hard on Alan Gregg to get 
the Rockefeller Foundation to give a large sum to 
that hospital for the creation of adequate surgical 
accommodation and for new research laboratories. 
We worked together again on the plans for the new 
block but on the subject of his own future in this 
hospital he was sometimes sure, sometimes vague, 
and it was not long before the first hints of something 
likely to happen elsewhere were detectable in the air. 


The Oxford Dream 

At the B.M.A’s 104th Annual Meeting, which 
took place at Oxford in July, 1936, Hugh was 
evidently excited about something. He said when 
inviting me to a small dinner in New College, at 
which Lord Nuffield and Farquhar Buzzard were 
to be present with others, that he was bursting to tell 
me what was on foot but could not yet. The 
Presidential address, which had been given by Sir 
E. Farquhar Buzzard, then Regius Professor of 
Medicine, gave a likely clue. It was inadequately 
entitled “And the future’. In it the President 
sketched a future in which the young doctor would 
have ample opportunity for research, where some 
chosen men could lead departments of medicine, 
surgery, and obstetrics in which the care of patients 
and research would be almost their only duties. 
They were to be fully and adequately paid. He 
thought that Oxford was the right place for this 
because of its ideal atmosphere for the advancement 
of knowledge and because of the excellence of the 
departments ancillary to clinical study. This ideal 
school would be in close touch with physiologists, 
biochemists, pathologists, pharmacologists, and 
radiologists. Here would be the place for the 
training of those fitted by ambition and ability to 
find a career in research. Their clinical teachers 
could give them all their time if they were freed from 
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the heavy burden of teaching medical students. 

Farquhar Buzzard went on to remark that the 
better educated a man is the more time he needs— 
time to work, time to think. Maybe it was, he added, 
no more than an ambitious dream. Although 
Farquhar Buzzard’s interest in medical education 
was well known, he was conservative in his outlook 
but shrewd and a man of great influence in the 
University’s affairs. His knowledge of procedure 
made him the ideal person to present to the Univer- 
sity’s officers this new plan. It will be no surprise 
to discover that the propositions made in his 
Presidential address were not entirely original. 
The ideas had been put crisply and in detail to 
him by Hugh Cairns, but those who remember 
the circumstances say that it would be unfair to 
Buzzard to speak of him only as a mouthpiece. 
Buzzard realized that in Cairns he had a man with 
an energy and a driving force that perhaps he 
lacked himself so he joined wholeheartedly in col- 
laboration in a scheme of which he himself heartily 
approved. Of the magnitude of Cairns’ part there 
can be no doubt. He had started to draw up plans 
some time in 1934. 

Sir Arthur Ellis, who eventually succeeded 
Buzzard as Regius Professor, has told me of private 
meetings at Cairns’ house at 24, St. John’s Wood 
Park, at which the Oxford Vice Chancellor, A. D. 
(later Lord) Lindsay, (Sir) Douglas Veale, the 
University Registrar, and himself were present. 
There were several such meetings during which the 
scheme was thrashed out with Cairns leading, plead- 
ing, and convincing. Late in 1934 or early 1935 
Cairns sent to Farquhar Buzzard a ‘“‘Memorandum 
to the Regius Professor of Medicine on the desir- 
ability of establishing a complete School of Clinical 
Medicine at Oxford’. The arguments were roughly 
those that Buzzard himself used in the Presidential 
address referred to. They were these: that although 
the British schools of physiology had continued 
pre-eminent, above all those at Oxford and at 
Cambridge, in the clinical fields we had contributed 
remarkably little outside of neurology and cardio- 
logy. What fundamental research we had on our 
credit side had been applied more energetically 
abroad than here at home. Cairns went on to say 
that Oxford was the place above all others in which 
to found a new school. It had no large commitments 
to undergraduates whose yearly entry could be 
limited to 20 at most, all carefully selected men. 
The postgraduates, who would come for six to 
eight years’ training and research, could be hand- 
picked from countries all over the world. Cairns 
estimated that £600,000 to £1,000,000 would be 
required to endow a sufficiency of fully salaried 
posts. He added that the present Regius Professor 
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(Farquhar Buzzard) had great influence outside e 
University as well as within it. He would be st 
the man to sponsor the scheme. A second docun -nt 
(March, 1936) is firmer in tone, as if he had ad 
enough encouragement and knew that he hac at 
least strong moral support for his plan. It is hea ‘ed 
“Second Memorandum from Mr. Cairns to the 
Regius Professor etc.”’, is 39 pages long, and rest:tes 
the arguments for the foundation of a research 
school with estimates of capital cost and annual 
expenditure. This was drafted with the help of 
Lady Cairns and a friend as secretary. The salaries 
for these people in their sixth, seventh, and eighth 
years would be £200 p.a. which was about the same 
as the Johns Hopkins level. There are estiniates 
for the already existing Nuffield Institute of Clinical 
Research (in Professor Gunn’s charge), medicine, 
pathology, pathological biochemistry, surgery 
(slightly the most expensive item), gynaecology 
and obstetrics, paediatrics, radiology. Anaesthesia 
was not mentioned. The reason why this last fact 
is brought up will appear shortly. Cairns did not 
know at that date where the money could be found; 
he wondered if the Government might considerably 
help. He said that if half the needful sum could be 
got, pious benefactors would emulate William of 
Wykeham, Radcliffe, and William of Waynflete in 
providing the balance. It is noteworthy that in this 
early plan the heads of all the departments were 
called director or reader, the only professor men- 
tioned was the Regius who was to be in clinical 
charge of the medical unit. Oxford was not yet 
asked to accept the innovation of multiple clinical 
professorships. 

Sir Arthur Ellis says that when bidding good-bye 
to Lord Nuffield, who had been Buzzard’s guest of 
honour at the 1936 B.M.A. banquet, Buzzard 
slipped the Cairns document into Nuffield’s pocket 
saying, “Read this when you get home”. And now 
Lady Cairns tells me of something even more 
cogent, more perpendicular to our story. 

Mrs. Smith, widow of the Master of Balliol and 
a “grande dame” of Od, introduced her son-in- 
law to Lord Nuffield «.. the B.M.A. reception in 
Christ Church. Cairns obtained an interview for 
the following Sunday. Apparently Lord Nuffield 
sat and listened whilst his visitor developed the 
scheme, we can be sure with great power, for an 
hour. Lord Nuffield said very little but at the close 
told Cairns that he would do the whole thing him- 
self. He had sat weighing Cairns up and decided 
that he was a man with “fire in his belly’. Naturally 
Hugh was wild with excitement. Lord Nuffield tells 
me that he himself had had it in his mind for some 
time to do something for Oxford medicine. 'o 
doubt willing donor and convincing supplicant met 
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this meeting. Lord Nuffield had already helped 
Orthopaedic Hospital at Headington generously, 
n more generously he had bought the Radcliffe 

servatory site and started the unit which became 
ler Professor James Gunn the Nuffield Institute 
Medical Research. 


The Nuffield Professors 


a October, 1936, Lord Nuffield announced his 
in -ntion of giving £1,250,000 for the creation of a 
m.dical research school. This was tremendous 
no vs. Hugh wrote to me soon after in reply to a 
le! er congratulating him on his accomplishment for 
| .ad guessed his part in it. “Il have been itching to 
taik to you about Oxford ever since the night of 
that dinner at New College. You can imagine what 
a strain it has been not to talk... .” 

in Lord Nuffield’s letter to the Vice-Chancellor, 
remark is made of Farguhar Buzzard’s phrase ‘‘an 
ambitious dream’’. Lord Nuffield continued: 


“It would be a great pleasure to me to help in giving 
reality to this dream in a city where there are already 
hospitals with which I have the satisfaction of being 
closely associated and in a University of which I am 
proud to be an honorary graduate and where, though 


on a small scale, is already an Institute for Medical 
Research.” 


He announced that he wished for the foundation of 


a trust to administer the fund, and of that Mr. (later 
Sir) William M. Goodenough was later made 


chairman. Goodenough was already treasurer of 
the Radcliffe Infirmary and Chairman of the Oxford 
County Council. He was an influential man and so 
he remained, as we all know, for did he not become 
through his special committee the arbiter of all our 
fortunes ? 

At the special meeting of Congregation at Oxford, 
convened in Lord Nuffield’s presence to carry a 
decree to set up an organization to establish the 
new school, Lord Nuffield stood up to speak and 
said that he had been thinking things over as he 
listened and decided that the sum he had given 
was not enough and that he had decided to increase 
his gift to two million pounds to be applied to the 
creation of four professorships—medicine, surgery, 
obstetrics, and anaesthesia. On the last named he 
was adamant. The University, so Professor 
Macintosh tells me, boggled over the chair in 
anaesthetics. Finding that Lord Nuffield was 
determined that it was a subject crying for research, 
so that it was all or nothing, the University gave in. 
Lord Nuffield followed up in October, 1937, with a 
further £300,000 for buildings at the Radcliffe 
Infirmary, for the professorial units and later 
created the ‘“‘Nuffield Foundation” for more general 
ecucational purposes with ten millions. Lord 
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Nuffield’s biographers, P. W. Andrews and Elizabeth 
Brunner, estimated his gifts all in all up to 1955 at 
about 27 million pounds. 

What is one to say of such munificence! I suppose 
that today’s value of the money given in the 
creation of the Oxford chairs would be somewhere 
between 6 and 7 million pounds. It is well that 
these extraordinary events, for extraordinary they 
were, should be freshly remembered because for 
the first time really adequate finance had been 
provided for something that would never again be 
quite a dream. It would give a false impression to 
the youngest in our profession to-day if they got 
the notion that this new Oxford scheme fell on a 
wholly gaping and dumbfounded world. What was 
most astonishing was the generosity of its donor. 
The proposals themselves had been the current ideals 
of several of the longer sighted men in teaching 
hospital circles, especially in the provinces. We had 
come to despair of its actual creation. And here at 
last it was. It can well be imagined that Hugh 
Cairns was very quickly in the thick of the further 
planning for the best use to be made of these 
wonderful new opportunities. Hugh was a born 
planner; the news that something important needed 
organizing was to him what the smell of powder 
was said to be to the war horse. We can be sure 
that he gave it the enthusiastic and energetic pro- 
pulsion at which he excelled. Buzzard was a wise 
man in his own deceptively quiet way; to most 
people he was better known for his timely silences, 
as Lord Moran said of him. I feel sure that his 
services not only as a go-between but as a catalyst 
should not be underestimated, but that he himself 
could have put through a scheme like this would 
be completely out of character. Hugh Cairns’ 
knowledge and experience of the American teaching 
hospital and professorial procedure was needed 
to draft it in detail, his vigour to put it through. 

It is extremely difficult to apportion credit fairly 
when looking back over these happenings. Although 
I think that the account which I have given is 
correct, that Hugh Cairns was the real begetter of 
the final scheme, it would be very odd indeed if it 
were quite so virtuoso a solo performance as it 
probably appears or will appear to those who did 
not know who was who in those days. Hugh was 
always one to enlist advice and to get the right 
people, people with different knowledge and different 
influences, people who could help, on his side. We 
can be quite sure that this was the case—they 
would be few, these advisers and helpers—but they 
would know their Oxford. He himself would be the 
last to minimize the help he had had from others, 
for example, at the London from the Canadian, 
(Sir) Arthur Ellis, a man whom he held in great 
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respect, and no less from Sir Douglas Veale in 
Oxford. 

It was a foregone conclusion that Hugh himself 
would be the first Professor of Surgery. He had 
everything in his favour, familiarity with Oxford 
since the days of his Rhodes scholarship, his links 
with Balliol. His interest in research was well 
known, his writings showed his desire for perfection, 
he was a good surgeon, his reputation and charm of 
manner could be counted on to make his entrance, 
intrusion even, into a quiet hospital welcome. As 
if all this were not enough, he had the additional 
advantage of being an Australian and therefore a 
man who would be particularly attractive to post- 
graduates from the Dominions, not so restrained 
by tradition. His appointment as the first Nuffield 
Professor of Surgery was announced in January, 
1937. Professor Macintosh’s appointment to the 
Chair of Anaesthetics (the first in the Common- 
wealth) was made known in February, of Professor 
Chasser Moir in April, of Professor Witts in Novem- 
ber. G. R. Girdlestone was to be Professor of 
Orthopaedics. It was not until 1938 when accom- 
modation had been built, that Hugh left the London 
Hospital to which he had given so much of his best. 
In no time his charming house in Charlbury Road 
was as familiar to overseas visitors as had been his 
St. Johns Wood home. Here again one might see 
Hugh in slippered ease making notes or listening to 
music while Barbara ironed the family washing, 
both of them in the drawing room, and such children 
as happened to be at home listened or talked or read. 


The War Years 

After too short a time in which to establish the 
new Nuffield units, a matter of months since he did 
not leave London until the spring of 1938, came the 
first definite threats of war and Cairns had to turn 
his mind to a different sort of planning, in 1939 for 
the E.M.S., an office that he held first, then briefly 
he and I jointly before he relinquished the civilian 
side in 1940 to me to throw himself heart and soul 
into the Army Medical Service. He had been for a 
few years already consultant to the Army Hospital 
at Millbank and had made a deep impression on the 
authorities. Cairns told the story of the extremely 
efficient neurosurgical service that he so wisely built 
up for the Army in his paper “‘Neurosurgery in the 
British Army 1939-45’’, written for the special 
supplement of the British Journal of Surgery (1947) 
which he himself edited. It is so complete an account 
of what happened that little need be added. I 
would like though to remind you of the great thing 
that Cairns did in creating the mobile neurosurgical 
units—not in providing the personnel which he 
skimmed off the then few civilian neurosurgical 
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centres leaving them to limp along as best ti »y 
could—that was inevitable in such a war—but in 
giving them, or making available to them, ¢ :- 
thermy and power suction and lighted brain ret: c- 
tors for use from Benghazi to the Rhine. Sich 
luxury army surgeons had never had before. |)o 
not forget that it speaks volumes for the respect and 
regard in which he was held by the War Office ind 
the help that he had from a clever Director General, 
Sir William MacArthur, that he was able to get these 
things. No little because of them the units were 
able to obtain hitherto unheard of results in penetrat- 
ing head wounds. 

In February, 1940, the converted St. Hugh's 
College was opened as a Military Head Injuries 
Hospital and that again is too familiar a story to 
need retelling except that the youthful cream of 
British neurology, medical and surgical, worked 
there for longer or shorter times with Hugh. The 
acute brains of Sir Charles Symonds, D. Denny- 
Brown, and Ritchie Russell leading the medical, 
and Cecil Calvert the surgical division guided them 
faithfully and so well. 


Frontal Sinus Injuries and Crash Helmets 

In 1937 Cairns had already shown his interest in 
paranasal sinus injuries with dural tears. The 
meningitis, early or later, the cerebrospinal rhinor- 
rhoea or the aerocoeles consequent to these injuries 
were beautifully described by him. In fact this 1937 
paper is the best that he wrote on this subject 
though later he was to have so much more experience. 
It has the marks of leisurely writing that the havoc 
of war made impossible to achieve again. It has 
about it an aura of excitement, of creation as he 
built up his story with one case history after another. 
The accounts of his 13 cases left at the end a logical 
and satisfying picture of the way to recognize and 
to treat these conditions. We have to move on to the 
war years for the sequel to this paper and this took 
a different line. It was a vigorous attempt at the 
prevention of these injuries. Cairns, seeing so many 
of the Army’s dispatch riders killed or maimed, 
carried out a vigorous campaign publicizing the 
advantages of the crash helmet in papers published 
in 1941, 1942, 1943, and 1946. In the 1943 paper he 
had Holbourn’s assistance on the physics of brain 
injury and on the action of the helmets and the 
properties of the materials used in their construction. 
In the first year of the war three motor cyclists were 
killed each day, two of them Army riders. The 
first excitements of war and the blackout coup!ed 
sometimes with the recklessness of youth had led to 
this dreadful wastage. In the first 21 months 2,279 
riders and pillion riders had been killed on the ro: d. 
Here Hugh Cairns had a subject after his own he«'t, 
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vigorous Campaign could be waged, practical 
vice given, planning done, people helped. He did 
ery well indeed. The Army soon made the wear- 
- of crash helmets compulsory (November, 1941). 
vas evident that the helmet, even if it was made 
he better fibre type, was not a complete insurance 
inst brain damage. But it reduced the number of 
ill fractures and by the helmet sliding along the 
» \und with less friction than did the hairy scalp 
t force was spread over a longer period and the 
i) ury was less intense. That the crash helmet story 
i; not yet ended is made plain by the discussion in 
t!- paper by Walpole Lewin and W. F. C. Kennedy 
(: 256) published 15 years after Cairns’ first com- 
n unication. However, Cairns did a great work of 
benefaction to the motor cycle riders of these 
Islands and they should long bless him for the 
benefits of his advice. 

{ cannot tell in anything but the barest outline 
all the things that Hugh Cairns did during the war. 
Next to the crash helmet should come the penicillin 
story in which he applied the benefits of Howard 
Florey’s industry and imaginative drive. Florey was 
as stubborn and indomitable as was Hugh himself. 
Obviously penicillin looked like being what the 
surgeons of the first world war had prayed for in 
vain. Florey knew that it would be needed in 
quantity—very well, it would be so provided and it 
was. Off Florey went with Cairns to North Africa 
and trials made in the Sicilian campaign proved so 
incredibly successful that a new phase in medicine 
had evidently arrived. It was characteristic of Hugh 
Cairns’ careful mind that he was at once at work 
discovering the least amount of this new substance 
that would cure meningitis, how much would do 
harm. It was lucky no doubt that the amounts of 
penicillin available in the early months for clinical 
trial were small. This same care went into his work 
on meningococcal meningitis and again later into 
his partnership with Honor Smith on tuberculous 
meningitis. What was the minimum effective dose? 
How long did bacteriostatics or antiobiotics stay in 
the cerebrospinal fluid? Wouid it go there if it were 
given intravenously, intramuscularly? And in what 
proportions? and so on. 

All this time Hugh had been very busy at the head 
injury hospital, St. Hugh’s College, and had some 
ol the burden of the Radcliffe to carry also, though 
Joe Pennybacker was a tremendous help there. 
He was Hugh’s prop and staff in Oxford where he 
had loyally transferred himself with his chief. The 
unit would have collapsed had he not been there. 


Aftermath to the ‘‘Dream”’ 
To jump several years ahead we may ask the 
question, ““What came of the original dream?”” A 
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basic desideratum was that the professors should 
not be much distracted by the teaching of under- 
graduates. At the Radcliffe Infirmary there had 
never been more than a handful of undergraduates 
and it was assumed that they would still be few, 
their numbers limited to the best on the original 
Hopkins plan of ‘“‘Popsy’’ Welch’s and Osler’s day. 
But then came the war and a veritable deluge of 
students whose teaching had to be thickened by some 
valuable volunteer helpers such as Sir George Gask 
and Sir Arthur Hurst. Further, the war itself put a 
tremendous strain on a hospital with a depleted 
staff. The Radcliffe was in no worse case than 
others but the six war years were no time for the 
quiet pursuit of peace-time ideals. When the war 
was Over many more medical students chose Oxford 
for clinical work, a turn that was not fully in keeping 
with Lord Nuffield’s original desires, if I have under- 
stood them correctly. The magnificence (I use the 
word again) of his gifts was thrown somewhat into 
the shade by the awakening of the Government 
to the country’s real educational needs. Through 
the University Grants Committee it began to pour 
money inte our universities with the creation of 
whole-time professorships all over the place. And 
not only did it create chairs, it provided research 
budgets, not very fat ones, but much more than 
anyone had had before. We must conclude that the 
Nuffield plan was too good to be a lonely example. 
Oxford had made the model and it must be significant 
that Sir William Goodenough, whose Committee's 
report on the teaching hospitals roughed out the 
new plan for teaching hospitals, was a Nuffield man. 

The rew structure of the teaching of medicine is, 
however, different in a most important respect from 
the original “‘“dream’’. It was concerned more with 
undergraduate than postgraduate training. In the 
Cairns’ memoranda the training of picked men from 
our own and overseas schools who were to add by 
their brains and skills to that of the parent was a 
dominant feature. They were to have had oppor- 
tunities in quietude both to learn and to add to 
knowledge without the small fry of an undergraduate 
school impeding the work of the laboratories. 
Perhaps it was a Baconian sort of dream after all, an 
unattainable one. I think that it would nevertheless 
have been carried through had it not been for the 
war. The bonds with workers in the ancillary and 
pre-medical subjects were never drawn quite tight 
enough nor did they get any considerable benefit 
from the new plan. But let us not forget how brightly 
the candle that Lord Nuffield had lighted burned in 
1936 and later, with what enthusiasm the Nuffield 
professors had taken up their duties and carried 
them on until the war overwhelmed them. And when 
it was over we found ourselves living in a different 
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world with different needs and ideals not wholly 
reconcilable with those of 10 years earlier. 


The Post-war Years 

I have already mentioned the whole-hearted way 
in which Hugh Cairns had seized the new oppor- 
tunities for the treatment of hitherto fatal intra- 
cranial infections. He continued this with the same 
enthusiasm in “‘Nuffield I’, now with civilian cases. 
The big new development was the discovery that 
M. tuberculosis was susceptible to streptomycin. 
New hope could be offered to those with that 
hitherto disheartening disease, tuberculous men- 
ingitis. Nothing does Cairns and his associates more 
credit than the attack on it which they carried out. 
Perhaps this is the time to mention Cairns’ flair for 
team work, for getting good people to work with 
him. It was characteristic. He was fortunate in this 
instance in having the help of the brilliant and 
indefatigable Honor Smith, and of Peter Daniel 
and R. L. Vollum. One has only to read again their 
papers from 1949 onwards to appreciate the immense 
care that had been taken to cover all points in the 
management of these cases. I might add a special 
word of praise for the endurance of all, not only 
Cairns’ own staff but of those in the wards and in the 
laboratories in the day-by-day and months-long 
struggle towards success in case after case. I do 
not think that I overpraise Cairns when I say that 
he was the first to demonstrate the critically impor- 
tant part which neurosurgery could play in the 
treatment of meningitis and of the tuberculous type 
in particular, in the demonstration of spinal block 
and in devising ways of correcting it. It was at least 
path-finding work. Honor Smith’s later work 
devised means of preventing its occurrence. 

Cairns was becoming more and more interested 
in a quite different and more difficult subject, the 
psychological disorders caused by tumours and in an 
operative approach to mental disorder. His interest 
is apparent in his 1936 follow-up of Cushing’s cases 
but five years later he and his associates leaped to the 
front by his description of “‘akinetic mutism’’ (1941) 
as evidenced by a child with a cyst of the third 
ventricle. In this observation he had the help of 
R. C. Oldfield, of the Psychological Research 
Laboratory at Cambridge (now Professor of 
Psychology at Oxford), of Joe Pennybacker, and 
Donald Whitteridge (now Professor of Physiology 
at Edinburgh). It was an exceptionally powerful 
team. Their observation, so well and strikingly 
named, has not ceased to excite great interest. It 
made a great impression on continental neurology, 
judged by the references made in the discussion on 
consciousness at the Brussels International Neuro- 
logical Congress (1957). Cairns carried his interest 
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in mental and personality changes caused by.  >w 
level lesions to his Victor Horsley Lecture (1952 on 
these disturbances in diencephalic and brain-s em | 
lesions, using a carefully selected group of c. .es, 
telling an interesting story. In the same year t.ere © 
appeared his description of bilateral anterior 7 
cingulectomy for mental disorders in 29 paticats, | 
In the psychotics, improvement was temporary but 
several good results were obtained in obsessional © 
cases and anxiety states with bad effects on per- | 


sonality much less than those which followed | 


classical leucotomies. His interest in psychology 
emerged again in his valuable paper with W. H. 
Mosberg on colloid cysts of the third ventricle and 
even more so when he turned his attention to hemi- 
spherectomy for hemiplegic epilepsy in children and | 
young people—this the child of his Johannesberg 
pupil, Krynauw’s, bright brain. 


Conclusion 

It has been impossible to do much more than 
sample Hugh Cairns’ contributions to neurology 
and to surgery. It will have been observed that more 
attention has been paid to the work of his first 20 
years than to his later and latest. This has been a 
deliberate choice because choice there had to be. 
His beginnings are less familiar to all but a few 
members of the society under whose auspices this 
lecture has been so very properly founded. 

His death, on July 18, 1952, soon after his 56th 
birthday cut him off when he was sailing on the full 
flood. All that he had done in the past was carrying 
him forward, it seemed, in a widening field. Hugh 
would never have lost control of his destiny. He was 
too shrewd for that, too practical. He left behind 
him an impressive achievement. Had he died 10 
years earlier, at the war’s end, we should still have 
had cause for admiration. But he was full of plans 
for the future when he died. How sorely we have 
missed his delightful presence these last years, how 
much he could still contribute not only to neuro- 
logical surgery but in our national counsels on 
education, on university affairs, and in something 
else, the strengthening by his friendship of the ties 
of Dominion and international scientific relations. 
It must have been a joy to him to revisit the scenes 
of his youth when he returned to Australasia as the 
first Sims Professor in 1947-48 and later to Africa 
to spread the gospel of the correct treatment of 
tuberculous meningitis. 

The man himself most of my audience knew; 
several have worked with him. They know what | 
mean when I speak of Hugh’s sincerity, his charm, 
his industry, his physical strength, his mental vigour, 
his candour, above all perhaps a certain boyish 
naiveté and a sense of humour that would break 
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»ugh even when he was looking his grimmest, 
ving his hardest. One forgave him even when he 
; driving a hard bargain—and he knew very well 
/ to do that. 
‘f his charm it should be said that this was as 
iral to him as his delightful voice, and, though I 
k that he was conscious of them, he did not use 
e gifts, as is the danger, insincerely. He had too 
pendent, too individual, too critical a mind to 
in with anything second rate. Though I cannot 
that we invariably agreed, our differences were 
slic at, I scarcely now remember what they were, we 
‘2 one on everything that mattered. I should 
w because we conferred so fully on major 
clopments. Those who met him in head-on 
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collision might well have different ideas of him, for 
he had a sort of puritanical belief in the rightness 
of his own causes. At times was he not a little 
insensitive to the views and claims of others? 
Maybe. He was kindness itself in all his traffic with 
me. I can only add to what I wrote in 1952 that I 
loved the man. 


The writer is deeply indebted to many people, prin- 
cipally to Lady Cairns, Lord Nuffield, Sir Douglas 
Veale, Sir Arthur Ellis, and in Adelaide to Leonard 
Lindon, Trevor Dinning, Hugh Cairns’ aunt and uncle, 
Mr. and Mrs. Bell, and Mr. West. I must thank also 
Professor Witts, Professor Sir R. Macintosh, Mr. 
Douglas Northfield, and Mr. Joe Pennybacker for help- 
ful information. 
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CHANGES IN HUMAN MUSCLES AFTER 
PERMANENT TENOTOMY* 


BY 


S. SUNDERLAND and J. O. LAVARACK 


From the Department of Anatomy and Histology, University of Melbourne, Australia 


Tiere is an extensive literature on the “disuse” 
atrophy of muscle produced by a variety of 
techniques, in a variety of experimental animals and 
with different muscles, but usually those of the calf, 
forming the subject of study. Accounts of this 
condition in human muscles, however, appear to be 
limited to passing references in the clinical literature 
to the wasting which follows the immobilization of 
limbs and to a brief note by Smith (1928) on the 
histological structure of a muscle attached solely to 
ihe shaft of the fibula. The great difficulty of 
obtaining suitable human material for weight loss 
and histological studies is obvious, though the 
possibilities of investigating disuse phenomena in 
the muscles after tenotomy of amputation stumps 
does not appear to have been appreciated. Admit- 
tedly the normal and affected limbs of deceased 
amputees are rarely available for unhurried  dis- 
section but when this does become possible the 
opportunity should be taken of adding to our data 
on atrophy after tenotomy in human muscles. 
Recently the authors had an opportunity of per- 
forming two such dissections and the observations 
made on this material form the subject matter of 
this paper. 


MATERIAL AND METHODS 

Subject 1.—The right hand of H.T., a male, aged 76, 
had been amputated through the radio-carpal joint 20 
years before death. Movements at and above the elbow 
joint were not impaired. The body was embalmed within 
24 hours of death and then stored in formalin. When 
dissected, the normal and affected arms were in an 
excellent state of preservation. Dissection revealed 
normal radio-ulnar joints though pronation and supina- 
tion were limited in range. On the involved side the 
severed tendons had become adherent to the distal 
extremities of the radius and ulna. The arrangement of 
the forearm muscles permitted their subdivision into four 
groups. 

Group 1.—Tenotomized muscles taking origin below 
the elbow joint of which the severed tendons were ad- 
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herent to the stump; these were unable to shorten. This 
group was represented by the abductor pollicis longus, 
extensor pollicis brevis, extensor pollicis longus, flexor 
pollicis longus, flexor digitorum profundus, and extensor 
indicis proprius. 

Group 2.—Tenotomized muscles arising from the lower 
end of the humerus of which the tendons originally passed 
to an attachment in the hand but were now adherent to 
the stump; normally this group contributes little to 
movements at the elbow joint. However, the disposition 
of the muscles with reference to this joint was such that, 
during life, they would have been affected by movements 
of the forearm and would also have been free to shorten. 
This group could be further subdivided into: 

(a) Those muscles taking origin solely from the 
humerus (radial flexors and extensors of the wrist, 
palmaris longus, extensor digitorum communis); and 
(b) those muscles gaining an additional origin from one 
of the bones of the forearm (ulnar flexor and extensor of 
the wrist and flexor digitorum sublimis). 

Group 3.—The supinator and pronators of which the 
attachments were undisturbed but specific functions were 
curtailed. This group could be further subdivided into 
the humeral heads of the pronator teres and supinator, 
which cross the elbow joint, and the deep heads of these 
muscles plus the pronator quadratus which join the radius 
and the ulna. 

Group 4.—Muscles with attachments and functions 
which were not disturbed by the amputation, e.g., 
the brachioradialis. 

Each muscle was carefully isolated and removed, 
tendons being divided at corresponding levels on the 
two sides. The muscles were immediately weighed and 
then transferred to 10° formalin. There are several 
sources of error in obtaining the weight of wet specimens 
and in employing, as was the method adopted in this 
study, the weight of the corresponding normal muscle 
as the pre-operative weight of the involved muscle for 
calculating the percentage atrophy. Those errors have 
been detailed by Langley (1916, 1917) and Langley and 
Hashimoto (1918). All the precautions outlined by them 
were observed in the present enquiry. 

The muscles were submitted to a standard histological 
procedure. After fixation in formalin a block was taken 
at the mid-point of the belly of each muscle. After 
embedding the material in paraffin in the usual manner, 
transverse sections, 10, in thickness, were prepared from 
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the faces of the block. The remainder of the block was 
then sectioned longitudinally at 10u. The sections were 
stained with haematoxylin and eosin and Van Gieson. 

Subject 2.—S.W., a male, aged 40 years, had a mid- 
thigh amputation on the right side 10 months before 
death. The dissection of this subject was performed in 
the necropsy room. The level of the amputation prevented 
a study of weight loss but provided material for the 
histological examination of tenotomized muscle. Blocks 
of tissue were removed from the affected and normal 
hamstring muscles. In this case, however, no muscles 
had been rendered completely functionless by the opera- 
tion. The hamstrings, for example, continued to aid 
extension at the hip joint. The muscle tissue removed for 
histological study was prepared in the same way as that 
obtained from Subject 1. 


MACROSCOPIC FEATURES 


The tenotomized muscles (Groups 1 and 2) were 
distinctly paler than the normal muscles but despite 
this they retained their general form and a colour 
and texture which identified them as muscles. There 
was no suggestion of a yellowish or translucent 
appearance and no macroscopic evidence of any 
conversion into ill-defined fibrous tissue. 

The most conspicuous change in the affected 
muscles was a reduction in size and weight. The 
extent of this atrophy for the different muscles is 
given in Table I. In the group most severely affected 
by the amputation (Group 1), the weight loss varied 
from 53 to 62% while the atrophy in the Group 2 
muscles varied from 50 to 69% (palmaris longus 
39%). The marked atrophy in the latter group 


TABLE I 
WEIGHT LOSS 





| Weight (g.) . 
PR ABR an ae ercer (age 

Muscle ; Right Atrophy 
| Normal | Affected 


Group 1 | 





Extensor pollicis longus 71 2:7 
Extensor pollicis brevis 15-4 73 
Abductor pollicis longus ; 

Extensor indicis proprius | 5-8 2:2 
Flexor pollicis longus 13-9 61 
Flexor digitorum profundus | 85-4 34-7 





Group 2(a) 

Extensor carpi radialis longus 
Extensor carpi radialis brevis 
Extensor digitorum communis 
Flexor carpi radialis 

Palmaris longus 


Group 2(b) 

Extensor carpi ulnaris 
Flexor carpi ulnaris 
Flexor digitorum sublimis 





Group 3 

Pronator teres 
Pronator quadratus 
Supinator 


Group 4 
Brachioradialis 





suggests that these muscles were not significantly 
affected by movement at the elbow joint. 

The pronator teres and supinator which joined 
the radius and ulna but were also attached to the 
lower end of the humerus showed an atrophy of 16 
and 18° respectively. On the other hand, the 
pronator quadratus, which was attached solely to 
the radius and ulna, had atrophied by 28°%. It is 


TABLE II 
PERCENTAGE WEIGHT LOSS IN ANIMALS 





Author Animal Muscle 


Procedure | 


Days/Percentage Weight Loss 





Knowlton and | Rat Gastrocnemius Tenotomy 
Hines } 


Gastrocnemius 


Solandt et al. | Rat 


Gastrocnemius soleus | 
Gastrocnemius 
Gastrocnemius 
Gastrocnemius 
Gastrocnemius soleus, 
tibialis anterior, 
extensor digitorum 
longus 


Rabbit | Calf 
Thigh 


Fischer 

Carey et al. Rat 

Davenport and Rat 
Ranson Cat 

Eccles 


Tenotomy 
Tenotomy 
Tenotomy 
Tenotomy 
Tenotomy 


Thompson 


weight 

Fischer and Rabbit Tenotomy 
Ramsey 

Lippmann and Rabbit Semitendinosus 
Selig Gastrocnemius 


Audova Rabbit Gastrocnemius soleus 
Lipschiitz and 


Rabbit 
Audova (1921) 
Hirohasi Dog 


Gastrocnemius 
Tenotomy 
Tenotomy 
Gastrocnemius soleus Tenotomy 
Gastrocnemius 

“Shank”’ muscles Tenotomy 


Chor and Dolkart 








Monkey | Gastrocnemius soleus 


Immobilization by 
pinning joints 


Cord isolation 


Cast immobilization _| 
(a) limb bearing weight | 
(b) limb not bearing | 


Cast immobilization 


Immobilization 


Tenotomy, 
cast immobilization 


Cast immobilization 
Cast immobilization 


"7/17; 14/29; 21/22; 42/22 


10-14/40-50. Remained at or near this reduced rate 
for the duration of the experiment—41 days 

9/20; 10/32; 23/46°5; 28/54; 32/48 

21-30/30-50 

16/20 . 

17/21 

Duration of experiments 3 weeks. Tenotomy and cord 

isolation cause “‘a similar weight loss of about 50°, in 

soleus, but in the other muscles the weight loss resulting 

from tenotomy is only about 20% as compared with 

the 40° loss with disuse atrophy” 


Calf 42/30; thigh 42/< 5-10 


Calf 42/45; thigh 42/20-25 

22-30/46 

22-30/39 

6/24-30; 7/32-33; 12/46-54; 14/47-48; 20/69; 35/54 
32/3 


6/+0°5; 14/19-1; 28/39-9; 56/50; 84/55-4; 
all mean values : 
12-16/0-1-41-8 ; 28/28-9-45-6; 56/46°3-52-5 ; 84/41°5-65-6; 
123/52-7-62:1 

1 month/19-3-57:7. Average 40% for 5 specimens 

1 month/4-4-42:0. Average 26°6 % for 5 specimens 
7/41; 11-2; 17°5.  14/2-8; 6-4; 15:3. 21/144; 15:3; 
22:2. 1 month/18- 0; 28-4; 32-8. 2 months/9-0; 9-6; 2 + 
7(+7; 7; 7°4. i438 78; 23-0. 21/+1-5; 1-6; 20-1. 
1 month/7: 3: : 31-9, 2 months/ + 5-8; 11-4; 32-7 
7/49; 14/12- a las 7; 28/27-1; 42/298; 70/32: 5 





123/56°6: 








mus 
Tl 
are 
expe 
(192 
Doll 
Eccl 
wha 
reco 
(193 
Hun 
Care 
Tab; 
(193 
(tibi 
1944 
seve 
bere 
in tl 
that 
gati 





MUSCLE CHANGES AFTER TENOTOM Y 


ible that free elbow movement may have been 
ynsible for some of the difference in weight loss 
een the two groups though this difference is 
ly significant. 

contradistinction to the foregoing muscles the 
nt of the brachioradialis, which functions as a 
r of the elbow joint and was unaffected by the 
ition, differed by 1°% on the two sides which is 
within the range of normality. 

A comparison of the atrophy recorded for Groups 
| a: J 2 on the one hand and Group 3 on the other 
doc. however, reveal a correlation between the 
degice of the atrophy and the relationship of the 
muscles to functioning joints. The atrophy was 
greaiest in those muscles which were not, or were 
but little, affected by joint movements and least 
marked in those of which the physiology was con- 
stanily and significantly modified by such movements 
(Group 3). In other words, the degree of atrophy 
was related to the amount of disuse to which the 
muscle was subjected. 
} The findings for the tenotomized human muscles 

are in general agreement with those reported for 
experimental animals (see Table I1) by Audova 
(1922), Lippmann and Selig (1928), Chor and 
Dolkart (1936), Hirohasi (1938), Fischer (1941), and 
Eccles (soleus, 1944), but the weight loss was some- 
" what greater in the human material than that 
recorded by Thompson (1934), Chof and Dolkart 
» (1936), Hirohasi (1938), Solandt, Partridge, and 
Hunter (1943), Fischer and Ramsey (1946), but 
> Carey, Haushalter, Massopust, Garofalo, Lynch, 
Tabat, and Socoloff (1947), Davenport and Ranson 
(1930), Knowlton and Hines (1940), and Eccles 
(tibialis anterior and extensor digitorum longus, 
1944), on the other hand, reported a much less 
severe atrophy in their material. It is to be remem- 
bered, however, that the duration of the tenotomy 
in the human material was very much greater than 
that employed in any of the experimental investi- 
gations, 


MICROSCOPIC FEATURES OF THE 
TENOTOMIZED MUSCLES 


The general overall pattern of the muscle as seen 
In transverse section was retained. 


Reaction of the Extrafusal Fibre to Tenotomy 


Calibre.—The most characteristic change in the 
morphology of the fibre involved a loss of sarco- 
plasm and a reduction in its calibre (Figs. 1 to 4). 
| Though this atrophy was generalized throughout 
the muscles examined, some fibres were affected 
more than others in the same muscle while individual 
var'itions in the degree of atrophy among fibres in 
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the same bundle were not uncommon (Figs. 1, 2). 
Others to comment on these irregularities were 
Thompson (1934), Tower (1937), and Carey ef al. 
(1947). In some regions the atrophy was extreme, 
all the fibres being threadlike and in obvious con- 
trast to the surrounding fibres. 

Fibre atrophy was observed by Krauss (1888), 
Chor and Dolkart (1936), and Tower (1937), but 
Davenport and Ranson (1930) stated that “the 
atrophy which was indicated by loss of weight was 
not apparent microscopically” nor could Smith 
(1928) find any evidence of fibre atrophy. 


Subsarcolemmal Nuclei.—The nuclei appeared to 
be unaltered by tenotomy. Round, oval, and 
extremely elongated forms were seen, the nucleoli 
were not increased, and there was no evidence of 
mitotic activity. Centrally placed nuclei were present 
but these were no more numerous than in the con- 
trols. In this respect the flexor digitorum sublimis 
was exceptional in that it presented large numbers of 
central nuclei associated with a high proportion of 
thin muscle fibres. Deeply situated nuclei were 
reported by Davenport and Ranson (1930) in both 
normal and affected muscles. 

Tower (1937) described a progressive atrophy and 
disappearance of the subsarcolemmal nuclei, 
Froboese (1922) a nuclear increase, and Davenport 
and Ranson (1930) “A slight but not marked 
increase’’, with the nuclei in some fibres appearing a 
little swollen and staining a little less intensely than 
normal. On the other hand Krauss (1888) could not 
detect any nuclear proliferation, while Chor and 
Dolkart (1936) reported the fibre nuclei as being 
‘**not obviously increased in number nor altered in 
size’’ and without evidence of mitosis. 


Striations.—The striations (Fig. 3) were not uni- 
formly stained in either the normal or the affected 
muscles which made it difficult to determine whether 
their absence or fading in the latter was to be attri- 
buted to the tenotomy or to vagaries in the staining. 
It is an impression only that myofibrils lacking in 
distinct cross striations were more common in the 
affected muscles. Both transverse and longitudinal 
striations were, however, well preserved in most of 
the fibres of all the affected muscles and were often 
more intensely stained than in the normal fibres. 
In the poorly stained fibres the longitudinal fibril- 
lation was more distinct than the cross striation. 
Hensen’s discs were clearly visible in the well-stained 
fibres. 

The cross striations were preserved in Chor and 
Dolkart’s (1936) material but they were unable to 
observe longitudinal striations. On the contrary, 
the longitudinal striation was more pronounced and 
the cross striation blurred in Davenport and 
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Fic. 1.—Transverse sections from the normal (a), and tenotomized Fic. 2.—Transverse sections from the normal (a), and tenoton zed 
(b, c; percentage atrophy 69) flexor digitorum sublimis muscle. (b, c; percentage atrophy 62) extensor indicis proprius mv cle. 
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(b) 


Fic. 3. —Longitudinal sections of muscle fibres from the normal (a) and tenotomized (b; percentage atrophy 62) extensor 
pollicis longus muscle. 


(a) (b) 


Fic. 4.—Longitudinal sections showing nuclear aggregations in and about degenerated muscle fibres from the tenotomized 
extensor indicis proprius (a) and flexor digitorum sublimis (b) muscles. 


(b) 


Fic. 5.—Transverse sections of spindles from the normal (a) and tenotomized (b) extensor carpi ulnaris muscle. 
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Ranson’s (1930) material. Tower (1937) describes 
paling of the cross striation which, however, endured 
“to the end”’. 


End Plates.—We are unable to state whether or 
not there was any reduction in the number of plates 
but the examination of large numbers of sections 
indicated that atrophied fibres carried end plates 
which showed no significant change in their morpho- 
logy. These findings agree with those of Chor and 
Dolkart (1936). According to Tower (1937) ‘sole 
plate nuclei maintain their size and numbers until 
abruptly they disappear”, though progressive failure 
to stain and the disorganization of neuromuscular 
relations with advanced atrophy were also described. 
We were unable to detect any signs of disintegrating 
plates though such evidence is unlikely to survive 
20 years after amputation. 


Muscle Fibre Degenération.—There was evidence 
of some degeneration in addition to atrophy of 
fibres (Figs. 1, 2, and 4). This degeneration was 
observed among the fibres showing the most extreme 
atrophy. Here thread-like fibres had fragmented 
into segments by a process of vacuolation and this 
change was accompanied by a round cell reaction. 
Aggregations of large, round to oval, palely staining 
nuclei occurred at intervals along the degenerating 
fibres and were interpreted as persisting muscle and 
end plate nuclei. Foci of degeneration were observed 


in the flexor digitorum sublimis, extensor pollicis 
longus, extensor carpi ulnaris, and extensor indicis 
proprius muscles. These areas of degeneration were 
not, however, a characteristic feature of the sections. 

Smith (1928), Davenport and Ranson (1930), and 
Chor and Dolkart (1936) could not detect any 


degeneration of muscle fibres. On the other hand, 
Froboese (1922) reports a fatty degeneration and 
replacement by connective tissue while Thompson 
(1934) saw an occasional degenerating fibre. Tower 
(1937) has reported the most profound changes 
during which “by progressive loss of muscle sub- 
stance and nuclei and paling of cross striation, 
muscle fibres are metamorphosed into tendon-like 
fibres and muscle tissue into fibrous tissue”’. 


The Neuromuscular Spindle 

Spindles could be readily identified in all the 
affected muscles and did not differ qualitatively 
from those of the normal muscles (Fig. 5). The 
capsule was composed of a relatively thin sheath of 
connective tissue which was clearly distinct from 
the surrounding intramuscular connective tissue. 
The periaxial space was patent and well defined. 
Each spindle contained several intrafusal fibres 
which were normal in appearance though some 
atrophy could not be excluded. There was no 


evidence of degeneration in any of the spii Iles 
examined. 


According to Tower (1937) “the spindles sha 2 in F 
the general fibrosis but appear otherwise unaffec ed” | 
while the thin intrafusal fibres do not atrophy: in | 
densely fibrotic and degenerating areas, howeve: the | 


spindles were much altered. 


Connective Tissue 


It was obvious from an examination of! the | 
sections that there was a differential effect on the | 
two chief components of the muscles, namely, | 
the muscle fibres and supporting tissue (Figs. | and | 


2). After tenotomy the relative areas of the two, as 
seen in a histological section, are changed and with 
the atrophy of the muscle fibres there is an apparent 
increase in the connective tissue framework of the 
muscle. This effect was generalized but occurred 
maximally in association with the areas of extreme 
atrophy and muscle fibre degeneration where the 
connective tissue elements overshadowed the sur- 
viving muscle fibres. Thickening of the perivascular 
connective tissue was also well marked. The changes 
involved an increase in the thickness of the endomy- 
sium and perimysial septa, with duplication and 
reduplication of the collagen fibres between the 
muscle fibres and a marked increase in the nuclei 
of fibroblasts and small round cells. These changes 
were specially noticeable in the extensor indicis 
proprius, flexor digitorum sublimis, extensor pollicis 
longus, and extensor carpi ulnaris while they were 
relatively slight in the extensor carpi radialis longus. 

In order to obtain quantitative data on the relative 
distribution of muscle tissue and connective tissue 
in the muscles the sections were analysed by a 
method introduced by Chalkley (1943) for “measur- 
ing directly the area ratios of components of tissues 
or organs under any conditions, where the various 
components are clearly distinguishable visually”. 
This analysis revealed a reduction in the amount of 
muscle tissue and an increase in the amount of 
connective tissue in the affected muscles relative to 
one another. The next point to be determined is 
whether this increase is relative or real. Having 
obtained the area ratios for muscle and connective 
tissue the total weight of each in the muscle was then 
obtained by multiplying the weight of the whole 
muscle by the percentage of muscle and of con- 
nective tissue. In arriving at these values certain 
assumptions were made, namely :— 

(a) That the cross section of a muscle presents a 
reasonably representative picture of conditions pre- 
vailing in the muscle as a whole. The ideal met! od 
would be to determine the relative areas of muscle 
and supporting tissue in each of a complete set of 
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il sections. Obviously this was not a practicable 
position in these muscles. 

)) That the relative water content of the two was 

same. 

/ith these assumptions in mind, the calculations 

aled that the increase in connective tissue was 

‘tive and not absolute. There was in fact an 

all reduction in the amount of connective tissue 
vell as of the muscle tissue, the reduction, 
ever, being much greater in the case of the latter. 
following values were obtained: 
rcentage loss of muscle 
tissue ee ° 
Percentage loss of connec- 
live tissue 32 to 43 
he extensor carpi radialis longus was exceptional 
in that it showed a 59°% loss in muscle tissue and a 
60, loss in connective tissue. 

\n “increase’’ in connective tissue was an out- 
standing feature in Krauss’ (1888) and Tower's 
(1937) material and was also reported by Froboese 
(1922). Thompson (1934) saw a few areas showing 
marked fibrosis but Ricker (1901) and Chor and 
Dolkart (1936) were unable to detect any increase. 
According to Davenport and Ranson (1930) there 
was “no increase of connective tissue that can be 
demonstrated histologically” though “it seems 
possible that a change may have taken place in the 
character of the connective tissue without an actual 
increase in quantity”. 


»_ | depending on 
60 to 83 the 


muscle 


Vascular Changes 

There were no abnormalities in the vessels or 
vascular pattern in our material other than the 
perivascular connective tissue thickening referred 
to earlier. Chor and Dolkart (1936) reported normal 
vessels. Tower (1937) could not detect any thicken- 
ing of the endothelium such as she observed after 
denervation, though she also observed a deposition 
of fibrous tissue on the outside of some vessels. 


Intramuscular Nerves 
Tower (1937) reported a fibrosis which enveloped 
but did not invade the nerve fibres which were 
“almost entirely intact” and Chor and Dolkart (1936) 
described nerve fibres which were normal in 
appearance. There were no abnormalities in the 
sections examined by us. 


General 

_ It is impossible to reconcile the findings reported 
in this paper with those described by Tower who 

concluded that 
regardless of the condition determining disuse of 
muscle, whether denervation or inactivation without 
Jenervation, whether in the course of phylogenesis or 
a the span of individual life, the result of disuse 
ppears to be invariant—the muscle slowly atrophies 

nd fibrous tissue takes its place.” 
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It is true that there were patchy areas of degeneration 
in some of the material examined by us but these 
were not a characteristic feature of the sections. On 
the contrary, the general outlines of the tenotomized 
muscles were preserved and the picture was one in 
which the great majority of the fibres survived with 
alterations in structure which did not, however, 
destroy those morphological features upon which 
the identification of muscle tissue depends. The 
most conspicuous change was a reduction in size 
and weight of the affected muscles which was re- 
flected in a substantial atrophy of the muscle fibres, 
the degree of atrophy, however, varying from fibre 
to fibre in the same bundle and in different parts of 
the same muscle. The connective tissue was also 
reduced in amount but not to the same extent as the 
muscle tissue so that in the preparations the former 
was relatively increased in comparison with the 
latter. Our findings are therefore more in accord 
with those of Chor and Dolkart (1936) who con- 
cluded that “‘Disuse atrophy consists primarily of a 
uniform reduction of the bulk of each muscle cell... . 
This type of atrophy is associated with very simple 
structural changes”. 

A final point of interest concerns the duration of 
the tenotomy, namely 20 years, from which it may 
be inferred that the findings in this material represent 
the end-point of theatrophic change in human muscle. 


SUMMARY 

Weight loss and histological studies have been 
made on the tenotomized muscles of amputation 
stumps in man and on other muscles of which the 
attachments were undisturbed but the activities 
curtailed by the amputation. 

The general outlines of the tenotomized muscles 
were preserved and the great majority of the fibres 
survived with alterations in structure which did not, 
however, destroy those morphological features upon 
which the identification of muscle tissue depends. 

The affected muscles were reduced in size and 
weight. The extent of this atrophy was related to the 
amount of disuse to which the muscle was subjected. 
The atrophy in the tenotomized muscles varied from 
39 to 69% and in the muscles of which the functions 
had been curtailed from 16 to 28%. 

Histologically the essential change was of a simple 
atrophy of the muscle fibres. The weight loss was 
reflected in a substantial atrophy of the muscle 
fibres which was generalized but not uniform 
throughout the muscles. Some fibres suffered more 
than others in the same muscle and in the same 
fasciculus. 

Patchy areas of degeneration were observed in 
sections of some of the muscles but these were not a 
characteristic feature of the sections. 
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1 IE RANGE OF CONDUCTION VELOCITY IN NORMAL MOTOR 
NERVE FIBRES TO THE SMALL MUSCLES OF 
THE HAND AND FOOT 


Although measurements of nerve conduction 
velocity in man were first made nearly a hundred 
years ago, the procedure was not used clinically 
until 1948 when Hodes, Larrabee, and German 
reported reduced conduction velocity in regenerating 
motor nerves. Later, Hodes (1949) described slow 
conduction in surviving nerve fibres after polio- 
myelitis, and more recently it has been shown that 
conduction may also be slow in certain localized 
peripheral nerve lesions (Simpson, 1956), in poly- 
neuritis, and in peroneal muscular atrophy (Hen- 
riksen, 1956; Lambert, 1956; Gilliatt and Thomas, 
1957: Gilliatt and Sears, 1958). 

The use of conduction velocity measurement as a 
diagnostic procedure in neurology requires a know- 
ledge of the range of values encountered in healthy 
individuals. Normal values for maximum conduction 
velocity in human peripheral nerves have already 
been described by Norris, Shock, and Wagman 
(1953) and by Henriksen (1956), but in order to 
obtain a control series for our own laboratory, we 
have estimated maximum conduction velocity in 180 
normal nerves supplying the small muscles of the 
hands and feet. Our own results, which are in good 
agreement with those of previous writers, are con- 
tained in the first part of this paper. 

In estimating conduction velocity, the motor 
nerve trunk is stimulated at two levels and the time 
interval between the stimulus and the onset of the 
muscle action potential recorded in both instances. 
This interval represents conduction time in the 
largest and most rapidly conducting motor nerve 
fibres stimulated, together with a further delay at the 
neuromuscular junction and in the muscle itself. 
Provided that both stimuli are supramaximal, the 
difference in latency of the two muscle responses is 
a valid estimate of conduction time in the most 
rapidly conducting fibres in the nerve trunk between 
the two points stimulated. However, conduction 
tims in the smaller and more slowly conducting 
fibr:s of a motor nerve cannot be measured in this 
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way as the time of onset of their muscle action 
potentials is obscured by the discharge of earlier 
units. 

This point is of some clinical importance, as it is 
not uncommon for patients to show values for 
maximum conduction velocity that are slightly 
below the accepted normal range; in such a case the 
question arises as to whether this represents con- 
duction in abnormal fibres or whether it could be 
due to conduction in slow normal fibres uncovered 
by the loss of the larger and more rapidly conducting 
ones. 

In order to obtain some evidence on this question, 
we have attempted to compare the conduction times 
of different nerve fibres supplying a single muscle; 
the results of this investigation are presented in the 
second part of the paper. 


Methods 


All tests were performed in a warm room with the 
subject lying on a couch and covered with blankets. In 
a few subjects with cold hands or feet, the limbs to be 
tested were immersed in hot water for five or 10 minutes 
before the session, but no other method of controlling 
temperature was attempted. 

In measurements of maximum conduction velocity on 
77 subjects examined at the National Hospital, the 
stimulus was a brief condenser discharge with a time 
constant of 70 psec. ; for 73 subjects seen at the Middlesex 
Hospital, a ‘“‘stanco”’ double-channel electromyograph 
was used, the stimulus being a rectangular pulse of 100 
psec. duration. In both instances the stimulus was 
delivered through an isolating transformer. For the 
stimulating cathodes, Walter type E.E.G.pad electrodes 
with a diameter of approximately 1 cm. were used. 
When stimulating the median or ulnar nerve, the distal 
stimulating cathode was placed over the nerve trunk at a 
point 2 to 3 cm. above the wrist crease; the proximal 
stimulus was applied 3 to 5 cm. above the elbow. The 
length of nerve between the two points stimulated was 
estimated by surface measurement and was usually 
between 25 and 30 cm. The anode was a plate electrode 
2:5 x 5m. placed over the flexor surface of the forearm 
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or over the deltoid insertion; these anode positions were 
chosen for convenience and did not affect nerve con- 
duction time. 

In the legs, the distal shock was applied to the anterior 
or posterior tibial nerve at the level of the ankle; the 
proximal shock was applied to the lateral popliteal nerve 
at the level of the head of the fibula or to the medial 
popliteal nerve immediately behind the knee joint. 
Surface measurement between the proximal and distal 
electrodes usually gave a conduction distance of 30 to 
40 cm. In these experiments the anode plate was situated 
either over the tibia itself or over the medial surface of 
the thigh just above the knee. 

Muscle action potentials from the small muscles of the 
hands and feet were recorded through co-axial needle 
electrodes as described by Simpson (1956). In each 
case the position of the needle tip in the muscle was 
adjusted until the earliest response to a given stimulus 
was found and care was taken to ensure that the initial 
phase of the evoked potential was similar in appearance 
for both proximal and distal stimuli. 

With the sweep of the cathode-ray tube locked to the 
stimulator, supramaximal shocks were applied once per 
second, the muscle response being amplified and dis- 
played on a double-beam oscilloscope. The second beam 
was used to provide a time scale. Photographic super- 
imposition of 10 successive responses was used by 
Simpson (1956) but in our own experience this was rarely 
necessary. Using brief shocks and a slow repetition rate, 
it was unusual for subjects to find the procedure un- 
pleasant although stimulus intensity was supramaximal 
for motor fibres. 

For each stimulating position, the time from the 
beginning of the stimulus artefact to the earliest de- 
flection caused by the muscle response was measured and 
recorded in milliseconds. When the “stanco” electro- 
myograph was used, the oscillograph sweep was triggered 
by the stimulus and measurement was made from the 
beginning of the trace. Conduction time for the segment 
of nerve between the two stimulating cathodes was then 
obtained by subtraction of the shorter from the longer 
figure and conduction velocity calculated in metres per 
second (m.p.s.). 


Results 


Maximum Conduction Velocity.—In the hand, 
observations were made on motor fibres to the 
abductor pollicis brevis, the abductor digiti minimi, 
and the first dorsal interosseous muscle. In the foot, 
the extensor digitorum brevis and abductor hallucis 
were examined. As in a previous study (Gilliatt and 
Sears, 1958), these control observations were made 
not only on healthy subjects working in the labor- 
atory but also on the unaffected nerves of patients 
presenting isolated peripheral nerve lesions. In all, 
180 observations were made on 150 subjects, no 
difference being found between staff and patients. 
The results obtained are given in Table I and in 
Figs. 1 and 2. 

The mean values for maximum ,conduction 


TABLE I 


MAXIMUM CONDUCTION VELOCITY FOR MOTOR FI) Es 
TO SMALL MUSCLES OF HANDS AND FEET 





Conduction Velocii 
(m.p.s.) 


Mean 


Number 

Muscle | of 
| Subjects 
Ran; 


Abductor pollicis brevis ~ 57-244 51:8 
Abductor digiti minimi 24+4 49-0 
First dorsal interosseous 55-044: 46:2 
Extensor digitorum brevis E ‘7147: 35-6 
Abductor hallucis 244 36°6 





velocity of the motor fibres to the small hand 
muscles are all closely similar and statistical com- 
parison (t test) reveals no significant difference 
between them. The mean value for all three muscles 
taken together is 56:1 + 4:7 m.p.s. In the lower 
limb, however, maximum conduction velocity is less 
and, moreover, the value for the fibres to the 
extensor digitorum brevis (49-7 m.p.s.) is appreciably 
greater than for the abductor hallucis (43-2 m.p.s.); 
this difference is statistically significant (t 4-10; 
P < 0-001). 
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CONDUCTION VELOCITY (m.p.s) 
Fic. 1.—Distribution of maximum conduction velocity (in metres 


per second) for motor nerve fibres to the abductor digiti minim, 
the first dorsal interosseous, and the abductor pollicis brev s. 
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FIG Distribution of maximum conduction velocity (in metres 
+r second) for motor nerve fibres to the extensor digitorum 
brevis and the abductor hallucis. 


The ages of the subjects examined are shown in 
Table Il. Nerve conduction velocity is known to 
decrease in the elderly and no patients over the age 
of 65 were included in our series. The lower age 
limit was 18. From Table II it can be seen that most 
of the observations were on patients between the 
ages of 36 and 55 and that there are insufficient data 
from younger age groups to permita detailed analysis 
of nerve conduction velocity at different ages. It is 
clear from Table II, however, that the differences in 
nerve conduction velocity between foot and hand 
groups cannot be explained by differences in age of 
the subjects tested. 


TABLE II 


NUMBERS OF SUBJECTS IN DIFFERENT AGE GROUPS 
EXAMINED 





Age Group 
18 to 25 | 26 to 35| 36 to 45. 46 to $5. 56 to 65 


Abductor pollicis 
brevis 
Abductor digiti 
minimi 
First dorsal 
interosseous 
Extensor digitorum 
brevis | 6 
Abductor hallucis 2 9 


Total :. ® 32 | 





Range of Conduction Velocity in Motor Fibres 
Supplying a Single Muscle.—Since the largest fibres 
in a nerve trunk have the lowest electrical threshold, 
a weak stimulus to the nerve is unlikely to excite 
small and relatively slowly conducting fibres. With 
a stronger stimulus the time of arrival of slowly 
propagated impulses at the muscle will be obscured 
by the discharge of earlier units. There is thus no 
simple method of examining the conduction rate of 
the slower fibres in the motor nerve trunk. (It should 
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be pointed out that only the large motor fibres to 
the extrafusal muscle fibres are being considered.) 

In attempting to examine the range of conduction 
velocity in the motor nerves to the extrafusal fibres, 
the most direct approach would be to compare the 
dispersion of the muscle action potential, recorded 
by surface electrodes, when the nerve is stimulated 
at two levels. In Fig. 4, for example, the duration 
of the muscle action potential of the extensor 
digitorum brevis is only slightly less when the motor 
nerve is stimulated at the ankle than when it is 
stimulated at the head of the fibula. This suggests 
that the range of conduction velocities in the motor 
fibres to this muscle is limited. However, this con- 
clusion is open to objection, for Merton (1954) has 
shown that after electrical stimulation of a nerve 
trunk artificial synchronization of propagation in 
different muscle fibres occurs; this results in a 
reduction in the duration of the compound action 
potential. 

In order to avoid this objection, it was suggested 
to us by Dr. Merton that if a motor nerve were 
stimulated proximally in the limb and the onset of 
the muscle response recorded in the usual way from a 
muscle in the hand or foot, the larger and faster 
motor fibres could be selectively blocked by a pre- 
ceding submaximal shock to the nerve distally, thus 
making it possible to study the conduction time of 
slower fibres in isolation. 

The technique is illustrated in Fig. 3, and the result 
of an experiment on the extensor digitorum brevis 
is shown in Fig. 4. The muscle action potential is 
recorded by surface electrodes and the test shock, S82, 
given to the lateral popliteal nerve at the knee, the 
stimulus being supramaximal. A preceding shock, 
Sl, is applied to the nerve at the ankle a few 


Fic. 3.—Arrangement of stimu- 
lating (Sl and S2) and 
recording electrodes (R) for 
experiments to determine 
the range of conduction 
velocity in the motor nerve 
fibres to the extensor digi- 
torum brevis. A maximal 
stimulus (S2) is preceded by 
a submaximal stimulus (S1) 
which blocks conduction in 
the faster and lower thres- 
hold nerve fibres. The time 
of arrival of the S2 volley 


_ 


| 
at the muscle can be record- 
ed for the slower nerve 
fibres to the muscle. 
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FiG. 4.—Recordings from the extensor digitorum brevis during experiments to determine the range of 


conduction velocity in its motor fibres. 


Fig. 4a shows the stimulus artefact of $2 followed by the muscle 


action potential. In Figs. 4b to h, SI precedes $2 by 6 m.sec., the shock strength of SI being increased 
progressively from threshold in Fig. 4b to maximal in Fig. 4h. Time scale, | and § m.sec. 


milli-seconds before the test shock and, if maximal, 
the antidromic volley will completely extinguish the 
descending volley from the test shock. In the 
experiment shown, SI was arranged to precede S2 
by 6 m.sec. in order to obtain the maximum separa- 
tion between the two stimuli, conduction time 
between the knee and ankle being 7 to 8 m.sec. The 
strength of Sl! was gradually increased from zero, 
until the muscle response to S2 was finally extin- 
guished. This is illustrated in Fig. 4. In the first 
trace (4a), the response to 82 is seen in isolation; in 
succeeding traces, the strength of SI is gradually 
increased and the response to 82, is progressively 
eliminated, with a corresponding increase in its 
latency until in the final trace, the response to SI 
alone remains. 

Three experiments on the extensor digitorum 
brevis were performed in two subjects; in a further 


six experiments on four subjects the motor fibres 
supplying the abductor digiti minimi were examined 
in the same way, with surface recording electrodes 
placed over this muscle and stimulating electrodes 
over the ulnar nerve trunk just above the wrist and 
elbow. Similar results were obtained in all subjects 
and the results of two representative experiments are 
shown in Table III and in Fig. 5, in which the area of 
the muscle action potential (in response to S2), 
expressed as a percentage of its initial value, is 
plotted against the percentage increase in latency on 
increasing the strength of SI. The area was estimated, 
on camera lucida projections on to squared paper, 
by continuing the base line through the potential and 
measuring the area enclosed by deviations of the 
trace to either side of this. The curves for the foot 
and hand are closely similar, and it is of interest t!at 
the muscle action potential falls to about 10% of its 
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tial value with only a 15 to 20% increase in TABLE III 
sncy, although in both muscles there are a small RESULTS OF EXPERIMENTS SHOWN IN Fig. 4. 
nber of motor units with a latency of 30 to 40% pares 
ow the maximum. Stimulus SL etenes Percentage Muscle Action 
f it is accepted that the area of the compound "aves (m.sec.) "tau || (ote 
scle action potential is proportional to the a Value) 
iber of motor units activated, a further point of = Abductor digiti 
rest is the form of the curves shown in Fig. 5. mer Ay 
erve fibre size to these muscles were normally 4 
‘ibuted, a reversed sigmoid curve might be 35 
ected, but curves of the form shown would be = 
ysuntered if the distribution were markedly 
ved. As an alternative explanation, it could be 
vested that the larger fibres may contribute to a 
tively greater extent to the area of the muscle 
ion potential by possessing larger motor units. 
ere is no decisive anatomical evidence on these 


ints, although the latter possibility, at least, 
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seems unlikely (see Fernand and Young, 1951). 
Thirdly, it is possible that the asymmetry of the 
curves results from muscle synchronization, as 
described by Merton (1954), occurring where the 
number of active muscle fibres is large, i.e., to the 
left of the curve, but failing to occur when the 
numbers are small, i.e., to the right. 
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Discussion 


There are several possible sources of error which 
need to be considered in interpreting human nerve 
conduction velocity measurements. In the first 
place, the use of surface stimulating electrodes does 
not allow one to predict with accuracy the exact 
point of stimulation of the nerve itself. Surface 
measurement between two stimulating electrodes 
might introduce further errors if the actual length 
of underlying nerve differed to any marked extent 
from the surface distance between the two points. 
Indeed, Simpson (1956) preferred to present his 
results as conduction times to avoid figures based on 





: , Fic. 5.—Relationship between 
© Abd. dig. min. area of muscle action 
potential evoked by S2 and 
latency of response. Results 
for the abductor digiti 
minimi and the extensor 
digitorum brevis in a single 
subject. 
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surface measurement. These objections are discussed 
in detail by both Carpendale (1956) and Henriksen 
(1956), who compared motor nerve conduction 
times during percutaneous stimulation using 
cathodes of different sizes and in different positions 
over the nerve trunk. These authors concluded that 
small lateral movements of the stimulating electrode 
did not produce significant changes in the latency of 
the muscle response and that with cathode dia- 
meters of up to 2 cm. stimulation appeared to occur 
under the centre of the electrode. In addition, 
Carpendale compared the actual length of median 
and ulnar nerves found on dissection of the forearm 
with the results of surface measurements in four 
cadavers and concluded that the errors introduced 
in this way were of little importance. 

A more serious difficulty is that due to differences 
in temperature. In our series, it is likely that tem- 
perature variation accounted for much of the 
observed variation between different individuals, 
and further experiments on this point are clearly 
required. In the present series, however, we have 
deliberately accepted variations due to uncontrolled 
temperature in order that the results might be 
directly applicable to patients seen in routine 
electrodiagnostic clinics where elaborate temperature 
control is impracticable. 

The only published investigation of the effect of 
temperature on conduction velocity in man is that 
of Henriksen (1956) who measured conduction 
velocity in the motor fibres of the ulnar nerve in the 
forearm with the arm immersed in a water bath. 
Temperature was recorded by a thermistor buried 
to a depth of 2 cm. in the proximal third of the 
forearm near the course of the nerve and varied 
between 29° and 38°. The mean alteration in con- 
duction velocity was 2:4 m.p.s. per degree change 
in temperature. Henriksen also measured tempera- 
ture during recordings made under similar con- 
ditions to those employed in our series and found 
that muscle temperatures for different subjects 
generally varied between 34° and 36-:5°C. 

The use of co-axial needles instead of surface 
recording electrodes is open to the theoretical 
objection that the needle electrode samples only a 
proportion of the motor units in a muscle, a pro- 
portion which might not be representative of the 
muscle as a whole. Among previous writers, Hodes, 
Wagman, Carpendale and Henriksen used surface 
electrodes, whereas Simpson preferred co-axial 
needles. Our own experience does not suggest that 
significant errors are introduced by the use of 
needle electrodes, at any rate in the small muscles 
that we have examined, and needle electrodes have 
clear advantages in the examination of patients 
with nerve lesions in that they make it possible to 
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measure nerve conduction velocity simply a. d 
rapidly after sampling the spontaneous and volu j- 
tary activity of a paretic muscle. Furthermore, t ¢ 
restricted area from which the co-axial neecie 
records is a great advantage when paretic aid 
unaffected muscles’ are in close proximity. For 
example, during stimulation of the ulnar nerve in 
patients with lesions of the deep branch in the hand, 
the delayed response of a few surviving units in the 
interossei may be completely obscured in surface 
records by the response of unaffected hypothenar 
muscles. With a co-axial needle, even a single 
surviving unit in an affected muscle can be localized 
by exploration during voluntary contraction and 
then observed in isolation during nerve stimulation. 

While our results show no significant difference 
in maximum conduction velocity of motor fibres to 
the abductor digiti minimi, the abductor pollicis 
brevis, and the first dorsal interosseous of the hand, 
the differences in velocity we have observed between 
the hand and foot and between fibres supplying the 
extensor digitorum brevis and the abductor hallucis 
call for comment. It is possible that the lower 
values obtained in the leg as compared with the arm 
may be accounted for in terms of a temperature 
effect, although this has not been tested. However, 
a temperature effect is unlikely to explain the 
disparity between the two muscles in the foot. The 
segments of the anterior and posterior tibial nerves 
over which the recordings were made are both 
deeply buried in muscle and a difference between 
the two nerves is thus improbable. In searching for 
an alternative explanation it will be recalled that 
the diameter of the anterior root fibres is greatest 
at the centre of the lumbar enlargement, diminishing 
progressively on either side of this but particularly 
caudally (Haggqvist, 1937; Gentele and Swensson, 
1941). Since the abductor hallucis receives its 
innervation from more caudal segments (SI, S2) 
than the extensor digitorum brevis (L4, L5, S1), the 
fibres supplying it are thus likely to be of smaller 
diameter. 

The scatter of conduction velocities to the 
abductor digiti minimi and the extensor digitorum 
brevis in a single subject indicates that the majority 
of fibres conduct at a rate within 15 to 20°% of the 
maximum, although the lower limit of velocity may 
be as much as 35 to 40% below the maximum. In 
the rabbit, the distal muscles in the limbs are 
innervated by fibres of small diameter and with a 
restricted size range (Fernand and Young, 195!), 
and it seems likely that this observation is general!y 
applicable. If this is also the situation in man, ‘t 
would account for the relatively restricted range f 
conduction velocity in the motor nerve fibres 0 
these muscles. 
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t is of interest to relate these findings to those 

| ained in patients with lower motor neurone 

ons. Conduction velocity in surviving fibres 

+ anterior poliomyelitis or in motor neurone 

»ase may be reduced (Hodes, 1949; Henriksen, 

6) but values more than 30% below normal 

e not been recorded. This degree of slowing 

ld well be accounted for in terms of conduction 

surviving slow normal fibres. On the other hand, 

‘ne patients with polyneuritis and peroneal 

scular atrophy may show extremely low values 

nerve conduction velocity, at times below 10 

metres per second. This clearly cannot be explained 

in terms of slow normal surviving fibres and must 

mean abnormal nerve function. Whether this 

depends upon structural or upon metabolic altera- 
tions, or upon both, has not yet been ascertained. 


Summary 

Conduction velocity in the fastest motor nerve 
fibres to the small muscles of the hand and foot was 
calculated for a series of normal nerves, measure- 
ments being made for fibres to the abductor pollicis 
brevis, the abductor digiti minimi, and the first 
dorsal interosseous muscle in the hand, and the 
extensor digitorum brevis and abductor hallucis in 
the foot. There was no significant difference between 
the hand muscles, the mean value obtained being 
56:1 4-7 m.p.s. The values obtained for the foot 
7:1 m.p.s. for the extensor 


were less, being 49-7 


digitorum brevis and 43-2 + 4-9m.p.s. forthe abductor 
hallucis, the difference between these two muscles 
being statistically significant. 

A method is described for measuring conduction 
velocity for the slower motor fibres to a muscle, and 
observations on the abductor digiti minimi and the 
extensor digitorum brevis indicate that there are 
motor fibres supplying these muscles with a con- 
duction velocity between 30% and 40% below the 
maximum. The significance of this finding is dis- 
cussed. 


We wish to thank Dr. W. A. Cobb and Dr. G. D. 
Dawson for helpful criticism and advice, and Mr. H. B. 
Morton for technical assistance. 
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A CLINICAL AND EXPERIMENTAL STUDY OF THE EFFECTS OF 
EXERCISE ON MOTOR WEAKNESS IN NEUROLOGICAL DISEASE 


BY 


J. A. R. LENMAN* 


From the Neurological Unit, Northern General Hospital, Edinburgh 


Muscular weakness is a common neurological 
symptom which may result from a primary muscular 
disorder but is more frequently due to interference 
with the innervation of the muscles. Often there is 
no specific therapy for the disease responsible and 
it is necessary to decide on appropriate treatment 
for the affected muscles, in particular whether they 
should be rested or given exercise. If exercise is 
indicated it is important to know the most effective 
method of carrying it out. 

The effect of a programme of exercise given to a 
group of neurological patients was studied by 
making quantitative measurements of muscle 
strength. The same routine of exercise was also 
applied to a group of healthy volunteers. A smaller 
group of patients carried out additional exercises 
designed to produce severe fatigue and the effects 
of this were measured. 


Material and Methods 


The biceps and triceps of the upper limb were selected 
for study as their strength can be measured compara- 
tively easily. Patients with weakness of either of these 
muscles were studied if they were available for sufficient 
time and could cooperate in the experiments. All 
patients admitted over a period of two years to the 
Neurological Unit at the Northern General Hospital 
who satisfied these conditions were included. 

The measurements of muscle strength were made with 
a dynamometer designed to register the isometric ten- 
sion of the biceps or triceps. It consists of a duralumin 
lever which rises from a spindle on a wooden board. 
The patient lay with the upper arm resting on the board 
and the elbow flexed to 90° so that he was able either to 
push or pull with the wrist against a handle at the upper 
end of the lever. This movement was resisted by a spring 
and registered by a pointer on a scale. At the beginning 
of each experiment the scale was calibrated in pounds 
with a spring balance. A tension of 30 lb. corresponded 
with a movement of the wrist of about 3 cm. 

For certain purposes a modified version was used. 
A similar lever with a handle deflected a spring steel bar 
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to which it was attached at its lower end, the steel bar 
replacing the spring as the load. Resistance strain gauges 
cemented to the spring steel bar formed two sides of a 
Wheatstone bridge circuit fed by an A.C. voltage and 
kept in balance when no force was applied to the lever. 
The out-of-balance voltage, which is directly proportional 
to the deflecting force, was amplified and recorded by a 
pen recorder, so that a permanent record of muscle 
tension was obtained. It was calibrated in pounds with 
a spring balance and very powerful pulls produced a 
movement of the handle of only a few millimetres. 

This apparatus was used to make measurements of 
muscular strength and to carry out training sessions of 
isometric exercise. A training session consisted of 30 
maximal isometric contractions carried out at 30-second 
or one-minute intervals (after Darcus, 1956). The 
strength of the subject each day was taken as the mean of 
the first five contractions carried out. The percentage 
alteration in strength was calculated from the difference 
between the means of the first five observations made. 
in each of the first three and each of the last three training 
sessions and also from the regression for the means of 
the first five observations of each of the training sessions. 
Measurements with the two dynamometers are closely 
comparable but in general the spring dynamometer was 
used except where a permanent written record of a con- 
traction was necessary. 

Simultaneous measurements were made of the iso- 
metric tension of the biceps or triceps and the integrated 
action potentials obtained from surface electrodes. 
The electrodes were silver discs of 1 cm. diameter placed 
3 cm. apart on the belly of the muscle. The action 
potentials were amplified and fed into an integrator 
circuit which first made them unipolar and then applied 
them to a circuit which gave off pulses at a rate propor- 
tional to the mean voltage of the electromyogram (Bates 
and Cooper, 1954). These pulses were recorded by a pen 
recorder alongside a simultaneous record of the isometric 
tension. The electromyogram was calibrated in milli- 
volts by passing sine waves of known voltage through 
the system. 

A small group of patients was given weight lifting 
exercises. A heavy weight was lifted from waist to 
shoulder level repeatedly till the subject could no longer 
raise it. After a short rest the procedure would continue. 
The sessions lasted up to an hour and were designed to 
investigate the effects of fatigue. 
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Fic. 1.—Relationship between voltage and tension of left triceps of Subject M.F.L. on five different occasions. For curve 
(a) regression equation is Y = 0:1036X — 0:0200. Slope of curve is represented by regression coefficient b for which 
the 95% confidence limits are +0-01606 giving a range of 0-0876 to 0-1169. The regression coefficients for all the 
other curves except curve (b) lie within these limits. The correlation coefficient of curve (a) with a straight line is 09849. 
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Results 


Relationship between Tension and _ Integrated 
Electromyogram.—Simultaneous records during 
graded contractions were made of the isometric 
tension and the integrated action potentials of the 
biceps or triceps muscles of all the healthy volunteers 
and 14 of the patients in this series. The tension 
(lb.) was plotted against the mean voltage of the 
E.M.G. (mV.). 

In each instance an increase in tension corres- 
ponded with an increase in voltage recorded from 
the muscle. The relationship between the two 
variables showed a high degree of correlation with 
a straight line (Fig. 1). The slope of the curve 
relating tension to mean voltage varied according 
to the conditions of the experiment, in particular 
the position of the electrodes and their distance 
apart. It also depended on the state of the muscle, 
and the observation of Edwards and Lippold (1956), 
that the slope of the curve alters when the muscle 
is fatigued, was confirmed repeatedly. 

The relationship between voltage and tension of 
a muscle was determined on different occasions 
separated by intervals of up to several weeks. Care 
was taken to place the electrodes on the same 
position on the muscle (marking the site between 
experiments with adhesive tape) and to reproduce 
the experimental conditions as closely as possible. 
Fig. | shows the result of one such experiment. 
The slopes of the regression for each curve are 
similar. Fig. 2 shows the effect of a trick movement 
in a subject who would use his shoulder muscles to 
assist his triceps in a maximal contraction. 


Exercise Experiments on Healthy Individuals.— 
The range of normal values for the present technique 
was determined in six normal subjects using the 
isometric training sessions described above (Table 1). 

Subjects L.F. and M.N. had approximately six 
training sessions per week whereas the others had 
exercise three or four times weekly. In each case 
there was a highly significant progressive improve- 
ment in the maximum tension developed, which 
became evident during the first nine sessions of 
exercise. Three of the subjects continued for 25 
sessions, at the end of which improvement was still 
taking place (Fig. 3). 


Disease of Muscle.—Six patients with weakness 
attributable to muscular disease were studied. The 
results of isometric exercise in these patients are 
summarized in Table I but it is necessary to consider 
the individual cases in greater detail. 

Case I (MN 1667).—A boy, aged 16, with facio- 
scapulo-humeral muscular dystrophy carried out 75 
sessions of isometric exercise with his left biceps (Fig. 4). 
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Fic. 2.—Voltage tension curve from Case 23 showing trick movement 
assisting left triceps muscle. A thrust of 30 Ib. is associated 
with the same voltage from the triceps muscle as one of 24 Ib. 
because the additional force is derived from the shoulder muscles. 





After 10 sessions the muscle was less readily fatigued as 
there was a smaller fall in tension at the end of each 
session. After 19 sessions there was an increase in maxi- 
mal voluntary tension which became progressively 
larger during the next 3@ sessions. During the last 25 
sessions the strength of the muscle declined. In the last 
fortnight of training he carried out weight-lifting sessions 
which produced severe fatigue and made the muscles 
sore for several days. During this period there was no 
significant change in the rate of deterioration. 

The right biceps was weaker than the left. Regular 
isometric measurements of the strength of the arm (mean 
of five pulls) were made and during the first month there 
was no change. A weight-lifting programme was then 
started and 49 sessions were carried out. Strength 
increased during the first 25 sessions but after that there 
was little change. These exercises produced considerable 
fatigue but were less strenuous than the weight-lifting 
exercises carried out by the left arm. 

Measurements of strength with this patient were ma le 
difficult by the fact that the brachio-radialis musc'es 
were powerful and assisted the weak biceps to flex tie 
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Group 4: Demyelinating Disease 
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*Significance of difference between means assessed by t test. 
N.S 


elbow. Repeated girth measurements of the upper arm, 
however, showed his increase in strength to be accom- 
panied by an increase in girth around the biceps and his 
deterioration by a decrease in girth. 
[wenty-one months later the left biceps was one third 
strong as initially. The right biceps became only 
thtly weaker than when he was first seen. 
Case 2 (MN 1934).—A man, aged 64, with facio- 
pulo-humeral muscular dystrophy carried out nine 
sions of isometric exercise with the right biceps with 
effect. 


+Significance of variance ratio assessed by F test. 


Not significant. 


Case 3 (MN 1259).—A woman, aged 25, had poly- 
myositis confirmed by biopsy and electromyography. 
She was under observation for three years and had an 
episode of respiratory failure when she required inter- 
mittent positive pressure respiration. 

Her courses of isometric exercise for the right biceps 
were separated by nine months. The first was of 16 
sessions, and the small increase in strength observed was 
not evident until after the ninth session when she started 
to take prednisolone. Her strength continued to increase 
during the three weeks following the exercise when she 
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Fic. 3.—The effect of training on the strength of the triceps of a normal subject, D.M. 
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was still taking prednisolone. Her second course of 15 
sessions was during recovery from relapse following 
influenza, when she was again having steroid therapy. 
A marked improvement occurred in the limb exercised. 
The other arm improved more slowly but six weeks later 
there was no difference in strength between the two 
biceps muscles. 

Two things had an adverse effect on her general 
condition and muscle power. Her three most serious 
relapses were following febrile illnesses, successively 
glandular fever, pyelitis, and influenza. Secondly any 
circumstance that confined her to bed resulted in a loss of 
strength which would recover rapidly with physiotherapy. 


Case 4 (MN 2189).—A woman, aged 57, had weakness 
of the shoulder girdle and upper arms, as a result of 
polymyositis. The strength of the right triceps was 









Fic. 4.—The effect of training on Case 1 (muscular dystrophy). 


slightly increased during 21 sessions of isometric exercise. 
It was not evident until after the tenth session when she 
started to take prednisolone. After discharge from 
hospital there was a steady deterioration in strength and 
general condition and she died nine months later. 


Case 5 (MN 1714).—A woman, aged 21, had a proxi- 
mal weakness of all four limbs which had developed 
gradually over three and a half years. Her condition ran 
a fluctuating course and a diagnosis of polymyositis 
was made although histological proof was not obtained. 

She carried out .70 sessions of isometric exercise with 
the left biceps over five months. Measurements were 
made of the strength of the right biceps and both triceps 
muscles. The striking change in the strength of the left 
biceps corresponded closely with improvement in tose 
muscles which were not exercised (Fig. 5). Although 
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;. 5.—The effect of training on the left biceps of Case 5 (poly- 
myositis) showing the corresponding changes in the contralateral 
muscle. 


improvement began before she started steroid therapy, 
it reached its peak during a course of prednisolone given 
at this time. 

When carrying out a training session her strength 
tended to fall off towards the end of the session. She also 
showed a delay in the build up of a contraction so that on 
a maximal voluntary effort she would take 5 to 7 sec. to 
attain a maximal tension compared with the normal 
figure of 0-5 to 1-0 sec. This - 
has not been observed in 
other patients with poly- 
myositis or with myasthenia 
gravis (Simpson and Lenman, 
1959), 

Case 6 (MN 3119).—A man, 
aged 50, had dystrophia myo- 
tonica and his arms had begun 
to weaken. On six days he 
carried out weight-lifting ses- 
sions with the left arm 
strenuous enough to cause 
prolonged fatigue. The longest 
of these lasted one hour and 
five minutes and in it he lifted 
7 lb. from waist to shoulder 
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was vitiated by the subsequent course of the disease. 
No adverse effects from fatigue were noted, but, on 
the contrary, with Case 3 any period of enforced 
rest in bed was followed by a deterioration. 


Degenerative Disease of Anterior Horn Cells and 
Pyramidal Tracts.—This group includes six cases of 
motor neurone disease and one of syringomyelia, 
and the results of isometric exercise are sum- 
marized in Table 1. 


Case 7 (MN 2103).—A man, aged 70, had weakness of 
all four limbs due to motor neurone disease. During a 
course of 20 sessions of isometric exercise the strength 
of the right triceps increased by 45% (Fig. 6a). Three 
months later all his muscles were weaker and no change 
in strength was recorded during 11 sessions of isometric 
exercise with the left biceps (Fig. 6b). He next performed 
weight-lifting exercises with the left arm which were made 
progressively more strenuous until he was carrying out 
several times daily a session severe enough to cause pro- 
longed aching of the arm. Isometric measurements 
made repeatedly on the biceps showed no change in 
strength. After leaving hospital his condition gradually 
deteriorated and he died three months later. 


Case 8 (MN 339).—A man, aged 46, had a 10-year 
history but the clinical picture was that of motor neurone 
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level 339 times. The strength 
of the biceps was measured 
repeatedly and during the (c) 
five weeks he was in hospital 

no change was noted. 


Five cases of muscular e 
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in strength with exercise 
but in four it could have 
been due to other treat- 
ment or to spontaneous 
recovery. The improvement 
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Fic. 6.—The effect of training on four muscles in patients with motor neurone disease. (a) Right 
triceps of Case 7. (b) Left biceps of Case 7. (c) Left triceps of Case 8. (d) Right triceps of 
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disease. He had a pseudo bulbar palsy with weakness 
of all four limbs, marked wasting of the hands and arms, 
and widespread fasciculation. 

He carried out a series of isometric sessions, each of 
30 contractions, at one-minute intervals first with the 
left (Fig. 6c) and then with the right triceps. In each 
case there was an increase in strength which was of value 
as it enabled him to push himself from the lying to the 
sitting posture and so rise from his bed unaided. He 
found the exercise sessions fatiguing and after them his 
arm would ache for 30 to 45 minutes. During a session 
the maximum tension would fall by 25°%. Soon after he 
started the exercises he noticed fasciculation in the triceps. 
This fasciculation, which was particularly coarse, involv- 
ing the contraction of quite large bundles of fibres, was 
most marked at the end of an exercise session. 

The biceps muscles were so weak that he found it 
difficult to flex his arms against gravity. Each biceps was 
given a course of isometric exercises but no improvement 
occurred. P 

Rest in bed affected him adversely. This he often 
noticed when he had a cold and on one occasion it was 
necessary to admit him to hospital for physiotherapy after 
two weeks in bed following an appendicectomy. 


Case 9(MN 1068).—A woman, aged 37, who had weak 
arms as a result of syringomyelia attended two to three 
times weekly over several months. She carried out 35 
sessions of isometric exercise with the right biceps and 
an increase in strength of about 30% was recorded, most 
of it quite early. The exercises produced little fatigue 
and frequently at the end of a session she would record 
stronger contractions than at 
the start. At the end of her 
fifth session she was reaching 
tensions equal to those she 
attained at the start of her 
twenty-first session. She next 
carried out seven sessions of 
weight-lifting exercise over a 
month. These produced a 
sensation of fatigue in the arm 
but there was no_ further 
increase in strength. Subse- 
quently strength reverted to its 
original level. 

Her left arm was stronger 
than the right and a course 
of 17 sessions of isometric 
exercise carried out with the 
left biceps was without effect. 
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a woman, aged 61, in addition carried out six § 
sessions .f weight-lifting exercises with the jight § 
biceps during eight days. These resulted in >ro. [ 
longed aching of the muscle but had no effec: on 
her strength. 

All the cases in this group were right handed, 
Cases 7, 12, and 13 were affected earlier or more 
severely on the left side. Cases 8, 10, and 11 were 
affected more severely on the right side. Case 9 was 
worse on the right side at the time she came under 
study but for 10 years previously the left upper 
limb had also been affected. 

In this group of seven patients 12 muscles were 
exercised systematically. Four of the muscles 
exercised became stronger. With Case 8 the iso- 
metric exercises produced moderate fatigue. Cases 
7, 9, and 13 carried out weight-lifting exercises 
designed to produce fatigue. No adverse effects 
were recorded following this treatment. 


Demyelinating Disease.—Of the eight cases studied 
seven carried out isometric exercises and the results 
of these are summarized on Table I. 

Cases 14 (MN 1653) and 20 (MN 2267) showed a 
more rapid increase in strength than any observed 
in healthy individuals, which corresponded with a 
change in other muscles not exercised and with a 
clinical improvement. Cases 15, 16 (MN 1950), 17 
(MN 2747), 18, and 19 (MN 1064), were at a stage 








The remaining four pati- 
ents in this group, Case 
10 (MN 2333), Case 11 
(MN 2338) (Fig. 6d), Case 
12 (MN 2801), and Case 13, 
had motor neurone disease. 
They each carried out iso- e 
metric exercise with a weak May , 
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upper limb muscle with no 
effect. Case 13 (MN 3229), 
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Fic. 7.—The effect of training on three muscles of patients with demyelinating disease. («) Left 
biceps of Case 17. (b) Right triceps of Case 14. (c) Right biceps of Case 16. 
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sh wed a marked variability 
in strength both from day 
to day and between the 
inc vidual contractions of 
the training sessions (Fig. 
7). This made it difficult 
to ciscern a consistent trend. 
This Cases 15 and 16 
showed a striking apparent 
improvement but in neither 
case was the difference 
between the means or the 
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variance ratio for the re- 
gression significant. Case 
17 showed an apparent 
deterioration which was significant, but, as Fig 7a 
indicates, it was not part of a steady trend, and it 
was not matched by her general condition which 
was improving. 

Only with Cases 15, 18, and 21 was the diagnosis 
of disseminated sclerosis in any doubt. The alter- 
native with Case 15 was basilar insufficiency and 
with Case 18 cervical spondylosis. Case 21 had a 
demyelinating illness but certain features in his 
case suggested Devic’s disease rather than dis- 
seminated sclerosis. 


Case 15 (MN 125).—A woman, aged 61, found the 
isometric exercises, of which she carried out 20 sessions, 
unusually fatiguing. This may account in part for her 
day-to-day variation in strength for she always did badly 
when she was tired. It was not evident that fatigue 
produced permanent ill effects but it would prevent her 
carrying out the next exercise session adequately. 


Case 18 (MN 1722).—A man, aged 60, had weakness 
of the right arm and both lower limbs. He was admitted 
twice to the Neurological Unit, each time after a period 
of rest in bed after a respiratory infection which had been 
followed by increased stiffness of the lower limbs. 

On his first admission 12 sessions of isometric exercise 
with the right triceps resulted in no increase in strength. 
Six months later the strength of the right biceps and 
triceps was found to have improved spontaneously 
although the lower limbs had grown weaker. He was 
given a course of weight-lifting exercises for the right 
biceps in which he carried out sessions on 16 days which 
Produced stiffness of the arm muscles and marked 
generalized fatigue. Repeated measurements of the 
biceps and triceps muscles showed no change and his 
general condition improved. 


_ ase 21 (MN 3254).—A man, aged 31, was improving 
r an episode of weakness in the limbs, ataxia, and 
When 


aft 
ret obulbar neuritis eight months previously. 





Fic. 8.—Effect of training on right biceps of Case 22 (cervical disc protrusion). 


first seen he had some weakness of the right arm muscles. 
He carried out nine weight-lifting sessions with the right 
biceps during two weeks which were made progressively 
more strenuous, and isometric strength measurements 
were made. His arm became stronger and the exercises 
were abandoned when it was found that an hour of 
heavy weight lifting no longer produced marked fatigue. 


The cases in this group which showed a significant 
increase in strength with exercise were passing into 
a stage of remission. Case 18 showed a deterioration 
with rest in bed which was partly reversed with 
exercise. It was not possible to demonstrate adverse 
effects from deliberately produced fatigue. 


Miscellaneous Conditions.—The eight cases in- 
cluded in this group are summarized in Table I. 

Each patient, with the exception of Case 29, 
showed a significant increase in power in the muscle 
exercised and in each case this was materially useful 
to the subject. The treatment of Case 29 (MN 3128), 
who had a pseudo bulbar palsy and tetraparesis of 
gradual onset and probably a vascular pathology, 
coincided with a general deterioration in the 
patient’s condition. 

The patients with cervical spondylosis had uni- 
lateral weakness so it was not possible to compare 
one side with the other. In addition to exercise they 
were treated with neck traction and immobilization 
of the neck in a collar. Case 22 (MN 1736), however, 
had two courses of isometric exercise for the right 
triceps which were separated by a rest period lasting 
25 days. His strength increased more rapidly when 
he was having exercise than during the period of 
rest (Fig. 8). Case 23 (MN 1567) had more than 
75 exercise sessions for the left triceps and strength 
improved by 64%. Case 24 (MN 2001) registered 
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Fic. 9.—Effect of training on left triceps of Case 23 (cervical spondylosis). 
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Fic. 10.—Effect of training on right triceps of Case 26 (poliomyelitis). 


an improvement of 46% during 11 sessions of 
exercise with the right triceps. With Case 23 there 
was no improvement in maximum voluntary tension 
until after 12 sessions of exercise but before that 
there was a fall in the percentage decrement per 
session (Fig. 9). After 50 sessions strength was not 
further increased but he learned to increase his 
thrust against the dynamometer by a trick movement 
using his shoulder (Fig. 2). A subsequent intensive 
course of exercise using sessions of 60 contractions 
at 30-sec. intervals instead of 30 at one-minute 
intervals produced no further change. 

Case 25 (MN 2699).—A man, aged 45, had enough 
radiological evidence of cervical spondylosis to account 
for pain in the shoulder, weakness of the left upper arm, 
and sensory symptoms in the lower limbs, but he also 
had wasting of both first dorsal interossei and wide- 
spread fasciculation which suggested that he might be 
developing motor neurone disease. However, with neck 
traction and 11 sessions of exercise for his left biceps the 
strength returned nearly to normal and nine months 
later this improvement was still maintained. 


Case 26 (MN 1340).—A woman, aged 25, had had 
poliomyelitis eight months before. During 62 sessions o/ 
isometric exercise for the right triceps the strength of the 
muscle increased by 110%. During a pause of 19 days 
in this treatment the power of the arm did not change 
(Fig. 10). The other upper arm muscles were not exel- 
cised and improved more slowly. The increase in strength 
of the triceps continued till she ceased to exercise it. 
After that there was a slight falling off but it remained 
at about double its initial strength and nine months later 
no further change had taken place. 


Case 27 (MN 2369).—A man, aged 41, developed 4 
flaccid paresis of the arms with pain in the shoulders 
and C.5 sensory loss following a respiratory infection. 
He was treated with prednisolone and physiotherapy and 
his strength improved steadily over several months. 
After finishing his course of prednisolone he carried oul 
eight sessions of isometric exercise with the left biceps, 
which appeared to improve more rapidly during the 
course of exercise than in the period preceding it. al 
though his skill in developing trick movements made 
him difficult to assess. 

Two weeks after admission to hospital he missed ‘0 




















diy of physiotherapy and an increase in the pain and 
5 ® ess of the arms was recorded. 

‘se 28 (MN 2339).—A man, aged 58, had a spastic 
ri | { hemiparesis as the result of a cerebral thrombosis 
oi. year before. Nine sessions of isometric exercise for 
th: right biceps resulted in an increase in strength of 
4) .. His spasticity, as measured by the ease with which 
clo us was elicited, became more pronounced. 


»-ven of the eight patients in this group had a 
con lition in which recovery was taking place. In 
eac of these seven cases the muscle which was 
exercised became stronger. 
















Discussion 


Although other aspects of motor function, such 
as coordination, muscle tone, and endurance, are 
important, the experimental side of this study has 
been confined to the effects of exercise on the strength 
of a voluntary contraction. Other effects are less 
easy to measure and consideration of them has been 
based on clinical observations. 

The physiological changes which exercise pro- 
duces in nerve and muscle require to be understood 
if therapy is to be on a sound basis. Unfortunately 
little is known about them so that the aim here has 
been to establish a few of the facts on an empirical 
basis, in so far as this can be done with a small 
number of patients. Attention has been directed to 
three questions, namely, the effect on weak muscles 
of a system of exercise which has been shown to 
; strengthen healthy muscle, the effect of deliberately 
produced fatigue, and the effect of confinement to 
bed without exercise. 

It is accepted that systematic exercise will increase 
the strength of healthy muscle, but there is no agree- 
ment as to how this comes about and the most 
efficient way of developing a muscle by exercise is 
not known. Both isotonic and isometric exercises 
are effective, and Darcus and Salter (1955) have 
shown that if programmes of the same intensity 
are used the results are comparable. De Lorme 
(1945) has developed a technique of progressive 
resistance exercise based on experience gained by 
professional strength athletes. It consists of weight- 
lifting exercises which are made progressively more 
strenuous. There are many modifications of the 
technique but in each the subject lifts the maximum 
weight of which he is capable a fixed number of 
times each session. Hettinger and Miiller (1953) and 
Miller and Hettinger (1953) suggest that a less 
Sirenuous programme is adequate. They state that 
a single isometric contraction each day will produce 
an increase in strength and a contraction of two- 
thirds maximum tension is adequate to produce the 
maximum possible training effect. 

An increase in the strength of a muscle is associated 
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with structural changes. A period of intense exercise 
produces transient swelling and a prolonged period 
of training leads to hypertrophy. There is no clear 
correlation, however, between the degree of hyper- 
trophy and the increase in strength, and MacQueen 
(1954) differentiates between exercise programmes 
designed to produce primarily an increase in power 
and those leading principally to hypertrophy. A 
neuromuscular adaptation leading to more efficient 
use of the available motor units may be as important 
as a structural change in the individual fibres. This 
is supported by the early observation of Scripture, 
Smith, and Brown (1894) of cross-education which 
has been frequently repeated by other workers 
(Hellebrandt, Parrish, and Houtz, 1947; Darcus 
and Salter, 1955). If a muscle is exercised the con- 
tralateral muscle also becomes stronger. 

Recently the effects of exercise on muscles 
weakened through injury or disease have attracted 
attention. De Lorme and Watkins (1948) have 
applied the technique of progressive resistance 
exercise to the treatment of disuse atrophy resulting 
from bone and joint disorders. Quantitative studies 
on the effect of exercise on muscle recovery in polio- 
myelitis were reported as early as 1916 by Lovett 
and Martin but opinion is still not unanimous as to 
its value. De Lorme and Watkins (1948) maintain 
that resistance exercise carried out over a period of 
years is valuable in that it develops those muscle 
fibres which retain their nerve supply and this is 
supported by the observations of Mead (1950) and 
Darcus (1955). On the other hand, Sharrard (1955) 
in a detailed study of the natural history of the 
disease, while he concedes that exercise may increase 
the rate of recovery, is doubtful whether it affects the 
ultimate level of recovery. 

Russell (1947) and Horstmann (1950) have shown 
that exercise during the preparalytic phase of polio- 
myelitis increases the risk of paralysis supervening 
in the exercised muscles. This observation indicates 
that fatigue, apart from its local effects on the 
muscles, may affect the cells of the central nervous 
system. The effect of fatigue on muscle recovery in 
the later stages of poliomyelitis has been studied by 
Russell and Fischer-Williams (1954). They found 
that deliberately produced fatigue has no adverse 
effects on muscle recovery in this disease. 

In other neurological conditions quantitative 
information is scanty. After cerebrovascular 





accidents active exercises are used increasingly in the 
treatment of paretic muscles and the clinical impres- 
sion is probably justified that they hasten the 
recovery of strength as well as prevent contractures. 
In disseminated sclerosis exercises are often pre- 
scribed to strengthen weak muscles, improve co- 
ordination, and lessen spasticity, but the variable 
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natural course of the disease has made it difficult to 
assess their value, and McAlpine, Compston, and 
Lumsden (1955) have stressed the dangers of 
fatigue. Walton and Nattrass (1954), in their review 
of the muscular dystrophies, report adverse effects 
from rest in bed but suggest that fatigue may also 
be harmful. 

In this study training has been mainly with iso- 
metric exercises. These are probably as effective as 
isotonic exercises (Darcus and Salter, 1955) and 
since they produce little fatigue it has been possible 
to study the effects of fatigue separately with a series 
of weight-lifting experiments. Isometric tension 
was chosen advisedly as the measurement of strength. 
Isotonic measurements are unsatisfactory as the 
maximum weight a subject can move can only be 
determined after several attempts so that when the 
final test is made the muscle is fatigued. In making 
the strength measurements, positioning of the 
patient was found to be critical so that all measure- 
ments were made by the same observer. The con- 
sistent linearity of the curves relating tension to the 
integrated electromyogram, which conforms to the 
earlier observations of Lippold (1952), has been 
taken as indicating the infrequency of trick move- 
ments when care is taken. The fact that the same 
curve is reproducible in the same subject on different 
occasions suggests that the dynamometer measure- 
ments are reasonably reliable. 


Effect of Isometric Exercise.—The effects of 
isometric exercise on healthy subjects were con- 
sistent in that all the subjects showed a substantial 
increase in strength. The exercises did not produce 
fatigue so it is evident that a muscle can be made 
stronger without fatiguing it. 

Of the cases with a primary muscular disorder, 
only Case | showed an improvement which could 
not be partly explained by spontaneous recovery or 
the effects of other treatment. The improvement 
was slow but it is significant that a training effect is 
possible at all with dystrophic muscle. It cannot be 
said how far the patients with polymyositis would 
have improved if exercise had not been given. 
Changes in the contralateral muscles may have been 
due to cross-education (Scripture et al., 1894). The 
only occasions, however, where the changes associ- 
ated with exercise were striking were during 
improvement after a relapse. Here the correction 


of disuse atrophy was an important factor, and it is 
probably true that the main indication at present 
for exercise in muscular disorders is in the treatment 
and prevention of wasting due to disuse. 

In the group which includes six patients with 
motor neurone disease the improvement in four of 
the 12 muscles exercised could not have been the 
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result of spontaneous recovery as in each case tie 
disease was progressing. Of the four muscles three 
were triceps which is a muscle used to a limited 


extent in everyday life. The fourth muscle was ‘he t 


biceps of an arm so weak that it had fallen largcly 
into disuse. 
shown that if the limb of a healthy subject is . »- 
mobilized in plaster its response to training afier 
disuse atrophy has developed is three times as rapid 


as a training effect observed in the same muscles |) 


before immobilization. None of these muscles 
showed so rapid an improvement but with Case 
7 (Fig. 6a) the improvement during the first nine 
sessions was more rapid than with any of the 
normal subjects. The two triceps muscles of Case 8 


showed no change during the first eight sessions and 


then a striking and rapid change took place. With 
the biceps of Case 9, although no change was noted 
in the first five contractions of a training session 
until several weeks had passed, toward the end of 
her fifth exercise session she was working up to a 
contraction nearly as great as the maximum she 
attained later. Her exercise sessions were compara- 


tively infrequent and it is possible that in each [7 


session she had to work off the effects of disuse in 
the intervening period. Thus in this group the sole 
effect of exercise may have been the correction of 


wasting due to disuse. ¥ 


Of the seven patients with demyelinating disease 
who received isometric exercises, only Cases 14 and 
20 showed improvement in the muscle exercised. 
This was more rapid than is usual for a training 
effect and occurred when the disease was entering 
a remission. The variability in strength which these 
patients showed from day to day and from contrac- 
tion to contraction is in keeping with the known 
character of the disease. 

The remaining cases with one exception all 
improved with exercise. They were patients in 
whom the disease had a natural tendency to recover 
but in some it appedrs that exercise increased the 
rate of recovery. Case 26 had reached a stage where 
the natural rate of recovery is slow. The exercised 
muscle improved at a rate faster than the other J 
affected muscles and during a pause in her treatment | 
progress stopped until she started to exercise again. 
After she had finally ceased to exercise no further | 
improvement occurred. This result in a case of 
poliomyelitis is in keeping with the experience of [ 
De Lorme and Watkins (1948) and Darcus (1955). [ 
Case 22 likewise improved more rapidly during two [ 
periods of exercise than during the intervening rest 
period. Case 28 improved during treatment more 
rapidly than during the previous year sinc: his | 
original vascular accident. Case 23 did not start 
to become stronger till 12 days after he had siurted | 
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exercise, and although one can ascribe his 
ir rovement to neck traction and a cervical collar 
it » possible that these merely alleviated the root 
ir ation and allowed the muscle to respond to 
e cise. It is of interest that with this patient after 
a ortain stage no amount of additional exercise 
« ild produce any further change, indicating that 
th. ultimate level of recovery is determined by the 
av sunt of structural damage that has taken place. 


he Effects of Fatigue.—Although fatigue may 
contribute to the adaptation of a muscle to exercise 
th. isometric experiments indicate that it is not an 
essential factor in increasing strength. There remains 
the question whether it may delay muscle recovery. 
If it increases the risk of paralysis developing in 
preparalytic poliomyelitis (Russell, 1947) it may also 
cause deterioration in other conditions where 
anterior horn cells are degenerating, such as motor 
neurone disease. McAlpine ef al. (1955) have 
described patients with disseminated sclerosis whose 
symptoms first appeared after severe exertion, 
paralysis developing in the muscles exercised. 
Patients with muscular dystrophy often ask whether 
fatigue will do their muscles any harm and it is 
important to be able to give them appropriate 
advice. 

Although the isometric exercises did not fatigue 
the healthy subjects a number of the patients with 
weak muscles complained of aching in the muscles 
during a session and found that they could not 
exert as much force at the end of a session as at the 
start. An improvement in the maximum tension 
exerted at the beginning of a session was often 
preceded by a decrease in the decrement of strength 
during the sessions (Fig. 9) indicating that these 
exercises had an effect on endurance as well as on 
strength. Of the seven patients who carried out 
isotonic exercises which caused considerable fatigue, 
none showed an increase in strength greater than 
that resulting from isometric exercises. 

The weight-lifting exercises were designed to 
produce fatigue. In no case did these exercises 
affect the rate of deterioration or result in deteriora- 
tion where none was occurring. Of this group of 
cases two had dystrophic muscle (Cases | and 6), 
two had motor neurone disease (Cases 7 and 13), 
two had demyelinating disease (Cases 18 and 21), 
and one had syringomyelia (Case 9). 

A further case of motor neurone disease (Case 8) 
found the isometric exercises to the triceps muscles 
particularly fatiguing and the sessions were followed 
»y increased fasciculation. The muscles, however, 

came stronger so that the fasciculation does not 

cessarily indicate an increase in the rate of anterior 

‘rn cell destruction. All six cases of motor neurone 
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disease were right handed but only three showed 
the disease to be more advanced on the right side 
of the body. 

Two cases with demyelinating disease were 
deliberately exercised to exhaustion without ill 
effects. A further two found the isometric exercises 
fatiguing, but did not suffer any permanent harm. 
They found that when they became tired they were 
unable to carry out their exercises adequately. 

The amount of exertion carried out by these 
patients was small compared with that undergone 
by those who have been described as developing 
muscular weakness through poliomyelitis or dis- 
seminated sclerosis after severe exercise such as 
climbing or cross country running when they were 
still fit. Nevertheless the weight-lifting exercises 
were adequate to fatigue appreciably patients 
weakened through prolonged illness. They were 
more fatiguing than any likely to be carried out in 
the course of treatment. 

The number of cases of muscular dystrophy is 
small, and although it has not been possible to 
demonstrate any deleterious effects from exercise, 
it is possible that certain patients, particularly those 
where the disease is more rapidly progressive, may 
harm muscles through excessive use. 


The Effects of Rest.—Rest was not deliberately 
prescribed for experimental purposes but certain 
patients had periods of rest in bed enforced through 
circumstances or intercurrent disease. 

Case 3, who had polymyositis, had three relapses 
following infections and it is likely that the infection 
itself was an important disturbing factor. Neverthe- 
less she always noticed that any period of rest in 
bed, as after a cold, would lead to increased weak- 
ness which it would take several days of active use 
of the muscles to relieve. Muscle weakness, which 
at the time was associated with stiffness, was most 
severe during the period of prolonged rest in bed 
when she was in the respirator. 

Case 8, who had motor neurone disease, noticed 
an increase in spasticity if he was confined to bed 
and disuse aggravated his weakness. 

Disseminated sclerosis often relapses after inter- 
current infections which appear to reactivate the 
disease. Case 20 had a severe relapse which neces- 
sitated admission to hospital after an attack of 
influenza. Case 18, on the other hand, was twice 
admitted to hospital after an intercurrent infection, 
not because the disease was more active but because 
rest in bed had led to an increase in muscular 
stiffness which was subsequently relieved by exercise. 


Conclusion 
The place of exercise in the management of 
neurological disease is an important but a restricted 
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one. As a means of increasing the strength of 
muscles paralysed by degenerative disease it is 
probably without value. But these patients may 
develop weakness of relatively unaffected muscles 
due to disuse, particularly if they are confined to 
bed for any reason and this weakness is relieved by 
exercise. Likewise the affected muscles, if they are 
spastic, will show an increase in stiffness if they are 
rested. It is worthwhile to give active exercises to 
patients who are recovering from a paralytic lesion 
as these may increase the rate of recovery. They 
need not cause fatigue to be effective, but any fatigue 
which they incidentally produce is unlikely to do 
harm. 


Summary 


Isometric exercises are an effective means of 
improving the strength of healthy individuals. 
They need not cause fatigue to be effective. 

It is possible to increase the strength of a patient 
with a muscular dystrophy, but very slowly, and 
progress of the disease may undo any benefit 
achieved. 

Weakness resulting from degenerative disease of 
the nervous system is not affected by exercise, unless 
the loss of strength is the result of disuse. 

When a paralysed muscle is recovering either 
through specific treatment, or spontaneously, there 
is evidence that active exercise increases the rate of 
recovery. 

Patients with motor weakness due either to 
primary muscular disease or to disease of the central 
nervous system may deteriorate with rest in bed. 
This is due in part to disuse, in part to an increase 
in stiffness. Both these effects may be corrected by 
active exercise. 
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No adverse effects have been shown to resi | 
from fatigue in primary muscular or neuroge: 
paresis. 
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A CASE OF SPONTANEOUS DISSECTING ANEURYSM OF THE 
INTERNAL CAROTID ARTERY 


BY 


R. McD. ANDERSON* and M. M. SCHECHTER 


From the National Hospital, Queen Square, London 


Dissecting aneurysm of the internal carotid 
artery, without preceding trauma, is a rare event. 
We have been unable to find a previous case report. 

One case of dissecting aneurysm of the internal 
carotid artery following head injury has been 
reported (Dratz and Woodhall, 1947), and two 
cases after carotid puncture for arteriography 
(Sirois, Lapointe, and Coté, 1954; de Grood, 1954) 
where the common carotid dissection extended into 
the internal carotid arteries. As an extension of a 
dissecting aneurysm of the aorta Shennan (1934) 
reported five cases. 

The following case, apart from its rarity, is of 
both radiological and pathological interest. 


Case Report 

A.R. (N.H. 75263), a man, 41 years of age, was 
admitted to the National Hospital, Queen Square, on 
October 16, 1957, under the care of Dr. John Marshall. 

The history obtained on admission was from an 
accompanying letter which stated that the patient had 
developed a right hemiparesis on the day before admis- 
sion. The development of paresis was over a period of 
several hours. There was a past history of cystitis. 

At the time of admission he was conscious but unable 
to speak or comprehend spoken commands. His eyes 
were deviated to the left and he appeared to have a right 
homonymous hemianopia. There was a right hemi- 
paresis with weakness of the right side of the face. The 
lower limb was weaker than the upper limb. Tone 
was increased in both upper limbs and in the right lower 
limb. The tendon reflexes were more active on the right. 
A grasp reflex was present on the left side and the 
plantar responses were bilaterally extensor. There was a 
response to pin prick on both sides. The blood pressure 
was 149/95 mm. Hg. No other abnormality was found 
on general examination. 

Lumbar puncture soon after admission produced clear 
cerebrospinal fluid at a pressure of 160 mm. of C.S.F., 
and it contained three lymphocytes per c.mm., 25 mg. of 
protein per 100 ml., and the C.S.F. Wassermann reaction 
Was negative. The erythrocyte sedimentation rate was 
5! mm. in one hour and 56 mm. in two hours. 

The day after admission carotid arteriography was 
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carried out. The left common carotid artery was 
punctured below the level of the fourth cervical vertebra, 
and two injections, 8 ml. each, of 45% “thypaque”’ were 
made. The radiographs showed contrast medium in a 
normal-looking common carotid artery for the upper 
4 cm. of its course, and a normal-looking external 
carotid artery. In the internal carotid artery, however, 
about 1-5 cm. from its origin there was a localized filling 
defect extending for approximately 5 mm. Three centi- 
metres above its origin the lumen tapered to a very 
narrow channel which reached its maximum degree of 
constriction at a point 4:5 cm. from the origin of the 
artery. Approximately 6 cm. from the origin of the 
artery the shadow of the contrast medium widened again 
and was seen to outline the intracranial course of the 
artery and its branches (Figs. la, b, and c), but inade- 
quately. In order to outline the entire length of the left 
common carotid artery, the artery was punctured again 
as low down in the neck as possible, and two injections, 
8 ml. each, of 45% “hypaque” were given. This demon- 
strated the lower part of the common carotid artery, 
which appeared normal, and the deformity of the internal 
carotid artery was again demonstrated. It was considered 
that the left internal carotid artery was partially occluded 
by atheroma and thrombus. 

Anticoagulant therapy was begun but the patient 
became progressively more drowsy and three days after 
admission he developed a left third cranial nerve palsy. 
The left lateral ventricle was tapped through a burr hole. 
This showed cerebrospinal fluid under normal pressure. 
The patient died later the same day, October 19, 1957, 
four days after the onset of his illness. 


Necropsy 


Necropsy was carried out 43 hours after death 
and the principal findings were as follows: 


General Examination.—The body was that of a 
well nourished, middle-aged male with no skin 
lesions other than those due to the surgical pro- 
cedures. There were dense adhesions at the apex of 
the right lung. Subapical caseous nodules were 
present in the upper lobes of both lungs. The heart 
weighed 420 g.; the myocardium, endocardium, and 
valves were normal. There was mild patchy atheroma 
of the coronary arteries and of the aorta. The liver 
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weighed 1,950 g., its cut surface pale and yellowish. 
The spleen weighed 200 g. and the Malpighian 
corpuscles were more prominent than usual. The 
left kidney weighed 300 g. and was about twice the 
size of the right kidney. On section the left kidney 
showed a normal architecture. The parenchyma of 
the right kidney was almost wholly replaced by 
circumscribed areas of caseous material. The wall 
of the right ureter was thickened and its lumen 
contained caseous material. The bladder wall was 
thickened and its mucosa inflamed. The seminal 
vesicles were enlarged, but the testes appeared to be 
normal. 


Histological Examination.—The caseous nodules 
in the lungs, kidney, ureter, and seminal vesicles 
were tuberculous in appearance. Numerous tubercle 
bacilli were demonstrated in the renal lesions. 
Microscopically the prostate also contained caseous 
nodules. Gross fatty change was present in the 
liver. No amyloid change was demonstrated in the 
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Brain.—The left hemisphere was enlarged and pal 
It was softened over its anterior two-thirds. Ten - 
poral herniation was present on the left sid. 
Coronal sections through the cerebrum showe | 
softening of the left frontal and parietal lobe., 
including the cortex, white matter, and the bas. | 
ganglia in the distribution of the left anterior and 
middle cerebral arteries. In places there were 
petechial haemorrhages in the softened cortex. 
There was also some softening of the medial part 
of the right frontal lobe in the distribution of the 
right anterior cerebral artery. The lateral and third 
ventricles were displaced to the right side. The 
cranial part of the brain-stem was displaced 
caudally and scattered haemorrhages were pres- 
ent in the cranial part of the brain-stem. The 
circle of Willis was complete. The right anterior 
cerebral artery was narrow from its origin to the 
anterior communicating artery, and beyond this 
point it contained ante-mortem blood clot filling the 
lumen and adherent to the wall. The right posterior 





liver, spleen, or kidneys. cerebral artery arose principally from the right 


(b) 


Fic. 1.—Left common carotid arteriogram. 


(a) The needle point, which is not shown, 
must be proximal to the end of the common 
carotid artery. The external carotid artery and 
its branches are outlined. The internal carotid 
artery tapers 3 cm. above its origin. 


(6) Film taken 1-5 seconds after film (a). 
Contrast medium still persists in the internal 
carotid artery but beyond the constriction the 
artery widens and contrast medium is present in 
the carotid siphon and its branches. 


(c) Film taken three seconds after film " 
Fig. (a). Contrast medium still persis's in 
internal carotid artery. 





im if 


int 





SPONTANEOUS DISSECTING ANEURYSM OF INTERNAL CAROTID ARTERY 197 

















Fic. 2.—A combined diagram and photograph showing a reconstruction of the internal carotid arteries after cutting 
them into transverse sections. Some of these sections are shown opposite the appropriate portion of the artery (for 
description see text). Sections shown in Figs. 3, 4, 5, and 6 were taken from the sites indicated. 


internal carotid artery, and only a narrow vessel 
connected it with the basilar artery. The walls of 
the major arteries appeared healthy. 


Histological Examination of the Brain.—Sofiened 
areas from the right and left frontal lobes showed 
the changes usually seen in recent infarction. The 
neurones were shrunken. Polymorphonuclear cells 
and mononuclear cells were present in the paren- 
chyma, particularly around the blood vessels and 
n the leptomeninges. Astrocytes appeared to be 
ncreased in number and there was endothelial 


hyperplasia of the blood vessels. Myelin in the 
softened areas stained poorly. The lesions in both 
frontal lobes appeared to be of approximately the 
same age. 


Arteries of the Neck.—The carotid and vertebral 
arteries and arch of the aorta were removed en 
bloc with the cervical spine and base of the skull. 
After one week of fixation in formol saline the arch 
of the aorta, carotid arteries to the base of the skull, 
and vertebral arteries as far as their entry into the 
vertebral transverse processes were removed for 
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sectioning. The remaining bony parts were then 
decalcified in 5°% nitric acid. 

Horizontal sections were cut through the carotid 
and vertebral arteries. 

The arch of the aorta, innominate artery, and the 
right common carotid artery were normal. There 
were two angiographic puncture wounds in the 
anterior wall of the left common carotid artery, 
and a moderate amount of blood staining of the 
surrounding muscle. This artery was otherwise 
normal. 

The vertebral arteries were normal throughout 
their entire length. The right internal carotid artery 
was a little narrower than the left at its origin (right 
7 mm. diameter, left 8 mm. diameter). Two centi- 
metres above its origin it narrowed to 4 mm. 
diameter and remained narrow as far as the base of 
the skull (Fig. 2) after which for the rest of its course 
it was normal. 

One centimetre above its origin the lumen of the 
left internal carotid artery was diminished by 
opposing plaques of atheroma. This narrowing 
persisted for 5 mm. and then the lumen returned to 
its previous diameter. At 3 cm. above its origin 
the lumen of the artery was almost completely 
occluded by haemorrhage within its wall. For a 
short distance this dissecting haemorrhage was 
confined to the anterior wall of the artery, and above 
this it surrounded the whole lumen of the vessel. 
The intramural haemorrhage extended for between 
3 and 4 cm. to the point where the artery turned 
antero-medially beneath the floor of the middle 
fossa. Here there was an intimal tear. Beyond this 
point the artery appeared normal (Fig. 2). 


Fic. 3.—Transverse section through the right intern. | 
carotid artery showing the irregularity and 
deficiency of the elastica in the media. This 
section was taken a little above the level of the 
section from the left side (Fig. 4). The levels are 
indicated in Fig. 2. Weigert’s elastic stain 
Cx om 


Histological Examination of Arteries.—After em- 
bedding in paraffin and/or celloidin, transverse 
sections were cut through the arteries and stained 
with haematoxylin-eosin, haematoxylin-van Gieson, 
thionine blue, Weigert’s elastic tissue stain, Verhoeff’s 
elastic tissue stain, and Masson’s trichrome. 

The aortic wall showed a little cystic change in 
the media but was otherwise normal. 

In the media of the left and right common carotid 
arteries there was a moderate increase of meta- 
chromatic material. The elastic tissue and muscle 
appeared normal. Atheroma was present. 

The left external carotid artery also showed an 
increased amount of metachromatic material in the 
media. 

The wall of the right internal carotid artery con- 
tained an increased amount of metachromatic 
material in its media and cystic change was well 
marked. The elastic tissue pattern was abnormal; 
there was less elastic tissue than usual, and the 
fibres appeared to be shorter and thicker than 
normal (Fig. 3). The muscle of the media appeared 
to be comparatively normal. Vascularization of 
the media was not evident. 

The left internal carotid artery (Fig. 4) showed 
similar changes to those of the artery on the right, 
but in addition there was haemorrhage into the wal! 
of the artery in the outer part of the media (Fig. 5). 
A longitudinal section through the artery at the 
lower end of this intramural haemorrhage showed 
a tear through the media and intima into the lume 
of the vessel (Fig. 6). Thus there were intimal tea: 
at both ends of the dissecting haemorrhage. Th 
upper tear was mentioned previously in th 
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4.—Transverse section through the left internal carotid artery just below the site of 
the dissecting haemorrhage in its wall. The posterior part of the wall in the upper 
part of the photomicrograph appears to be normal, but in the anterior wall the elastica 
of the media is deficient. Weigert’s elastic stain (* 12). 


'G. 5.—Transverse section of the left internal carotid artery a little Fic. 6.—Longitudinal section through the lower end of the dis- 
above the lower end of the dissecting haemorrhage. Blood clot secting aneurysm to show the intimal tear. Weigert’s elastic 
has fallen out of the media in preparing the section; however, stain (x 27). 
the position of the blood clot is shown to be in the outer part 
of the media. The deficiency in the elastica of the media is well 
shown. Weigert’s elastic stain (x 30). 





(a) Note the tip of the catheter rendered opaque 
by contrast medium. 
internal carotid artery and its branches. 





(a) (b) 


Fic. 7.—Internal carotid arteriogram performed on another patient showing appearances produced by accidental intramural injection. 


There is filling of the 
neck and its siphon. 


macroscopic description but was not examined 
microscopically as this part of the artery had 
been in decalcifying fluid. 


Discussion 


Radiology.—The radiological appearances seen 
in this case indicate the presence of a dissecting 
aneurysm of the internal carotid artery. There is 
some similarity to those seen in thrombosis of the 
artery and to those seen where atheromatous 
plaques are present, but in the former condition no 
contrast medium passes the site of thrombosis and 
in the latter small, localized filling defects are 
present in the shadow of contrast medium filling 
the arterial lumen. 

In carotid angiography the contrast medium may 
occasionally be injected into an artery when the 
needle point has accidentally penetrated the arterial 
wall. This, however, gives a characteristic picture. 
Fig. 7 illustrates the appearances in such a case. 
The serial films show that the main part of the 
contrast medium has passed into the cerebral cir- 
culation, while a small part has passed along the wall 
of the vessel, stripping the tissues in its path and 


(6) Film taken two seconds after (a). The 
contrast medium has left the major branches 
of the internal carotid artery, but some still 
persists in the internal carotid artery in the 


(c) Film taken four seconds after (a). 


and in its siphon. 


producing a double shadow, the translucent area 
between representing the arterial wall. In such cases 
the shadow of contrast medium disappears in less 
than 10 minutes. 

Cases of intramural injection of contrast medium 
have previously been described by Sirois, Lapoint, 
and Cété (1954) and by de Grood (1954). 


Pathology.—Gore (1952, 1953) noted two main 
types of medial degeneration in cases of dissecting 
aneurysm in the aorta. These were (1) the elastic 
tissue type, more often seen in people under the 
age of 40, in which the elastica was severely damaged, 
with relative sparing of the muscle fibres, and in 
which there was an accumulation of basophilic 
ground substance; and (2) the muscle tissue type 
where the muscle was s2verely damaged, with only 
slight changes in the elastica. Vascularization of the 
media was a prominent feature in both groups. In 
our case there was severe damage to the elastic 
and there was an accumulation of metachromatic 
material (basophilic ground substance) in the 
media. In these respects it conforms with the 
elastic tissue type of medial degeneration. 

Vascularization of the media was not presen 


The mag 
portion of the contrast medium has already reachy 
the cerebral veins. A narrow streak still persists int 
line of the wall of the internal carotid artery in the ne 
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his, and the recent tears in the intima, are evidence 
hat, in this case, the blood in the media came direct 
‘om the lumen of the artery and could not have 
ome from any abnormal vascularization of the 
nedia. Such a source of haemorrhage has been 
uggested in other cases of intramural haemorrhage. 

The constant finding of medial degeneration in 
ases of dissecting aneurysm is considered by some 
uthors to be an important factor in association 
vith the development of the condition. It is often 
Jifficult to decide whether this medial degenera- 
ion antedates or follows the development of the 
ineurysm. In our case the presence of similar 
changes in the otherwise healthy carotid artery is 
evidence that the medial degeneration preceded the 
aneurysm. 

The presence of an increased amount of meta- 
chromatic material in the media is thought to be 
an important early feature of the elastic tissue type 
of degeneration in man, and it is found constantly 
in experimental lathyrism in animals (Menzies 
and Mills, 1957), where dissecting aneurysms are a 
prominent feature. In this condition, due to an 
upset in enzyme metabolism, an accumulation of 
metachromatic material is found widespread 
throughout bones and the aorta (Menzies and Mills, 
1957) and possibly in other tissues. Meyer and 
Rapport (1950, quoted by Menzies and Mills, 1957) 
consider this metachromatic material to be chon- 


droitin sulphate. This substance is also found to be 
increased in association with amyloid deposits. 
Our patient had chronic caseating tuberculosis, 
which is often associated with secondary amyloid- 
osis, and although amyloid deposits were not seen 
in the kidneys, liver, or spleen, it is always possible 
that the same process which can give rise to secondary 
amyloidosis may here have produced an excess of 
histologically similar abnormal material in the 
carotid arteries. 


Summary 


A case of spontaneous dissecting aneurysm of the 
internal carotid artery, in a male of 41 years, is 
presented. 

The radiological and pathological findings are 
discussed. 


We are indebted to Dr. John Marshall for permission 
to present this case, to Professor W. Blackwood and Dr. 
Hugh Davies for their advice and help, and to Mr. J. 
Mills and to the staff of the photographic department of 
the Institute of Neurology for the photographs. 


REFERENCES 


Dratz, H. M., and Woodhall, B. (1947). 
Gore, I. (1952). A.M.A. Arch. Path., 53, 
—— (1953). IJbid., 55, 1. 

Grood, M. P. A. M. de (1954). Rev. neurol., 90, 661. 

Menzies, D. W., and Mills, K. W. (1957). J. Path. Bact., 73, 223. 
Shennan, T. (1934). Med. Res. Coun. Spec. Rep. Series, No. 193. 


J. Neuropath., 6, 286. 
142. 


Sirois, Lapointe, H., and Coté, P. E. (1954). J. Neurosurg., 11, 
112. 





J. Neurol. Neurosurg. Psychiat., 1959, 22, 202. 


RUPTURED POSTERIOR FOSSA ANEURYSMS AND 
THEIR SURGICAL TREATMENT* 


BY 


HELEN DIMSDALE aad VALENTINE LOGUE 


From the Maida Vale Hospital for Nervous Diseases, London 


The use of vertebral angiography in the investi- 
gation of subarachnoid haemorrhage has enabled 
the presence of posterior fossa aneurysms to be 
detected during life. The clinical and radiological 
localization of aneurysnis in this site is now of 
importance, for with modern neurosurgical 
techniques, including hypothermia, a number of 
these lesions are operable. Certain anatomical 
features which will be discussed later should render 
their surgical treatment in some ways easier than 
that of aneurysms in a supratentorial location. 

Aneurysms in the posterior fossa are here defined 
as lying below the level of the tentorium and situated 
on the vertebral artery, the basilar artery, and their 
branches up to the basilar bifurcation. Aneurysms 
on the posterior cerebral artery and those presenting 
directly upwards from the termination of the basilar 
artery are not included, as they are truly aneurysms 
of the circle of Willis and have different symptoms 
and require an entirely different surgical approach 
compared with those situated below the tentorium. 

Before the use of vertebral angiography, the 
diagnosis of posterior fossa aneurysm was usually 
made at necropsy after death due to subarachnoid 
haemorrhage, or occasionally on surgical exposure, 
when an aneurysm had presented as a space- 
occupying lesion in the posterior fossa. Some 
aneurysms were symptomless in life, and then were 
accidental findings in death due to other causes. 

The figures of incidence may be obtained from 
published series of cases of subarachnoid haemor- 
rhage. McDonald and Korb (1939) reviewed 1,023 
cases of intracranial aneurysm from the literature 
including 786 examples of rupture, and of those 143 
(18%) were on the basilar-vertebral trunks. Richard- 
son and Hyland (1941) in a series of personal cases 
which contained 27 ruptured aneurysms, found that 
six, or 22%, were in the posterior fossa. Walton 
(1956) included eight (65°) among 122 ruptured 





*Based on communications read at the Association of British 
Neurologists and the Society of British Neurological Surgeons, 
November, 1957, 


aneurysms in the Newcastle series. The incidence 
shows a tendency to a reduction in recent series 
which has been ascribed to exclusion of aneurysms 
due to syphilitic and atheromatous changes. Walsh 
(1957) in a surgical series of cases of subarachnoid 
haemorrhage, found an incidence of 6% and 
attributed this lower figure to the fact that vertebral 
angiography was not carried out as a routine. An 
incidence of 15° on the basilar-vertebral circulation 
was accepted by Walton and Walsh, but if aneurysms 
of the posterior part of the circle of Willis were 
excluded, the figure would be about 10%. 

Some information about the clinical aspects of 
subarachnoid haemorrhage due to posterior fossa 
aneurysms may be found in the literature. Dandy 
(1944) considered bilateral motor loss as evidence of 
haemorrhage from an aneurysm of the basilar or 
vertebral arteries. The late Sir Hugh Cairns (1952) 
discussed the disturbance of consciousness associated 
with disorders of the brain-stem. He quoted a case 
of subarachnoid bleeding into the posterior fossa 
due to a laterally situated aneurysm of the basilar 
artery, which produced homolateral pain in the head, 
followed by loss of consciousness with stertorous 
breathing and four convulsive attacks, with recovery. 
He considered that abrupt losses of consciousness, 
respiratory disturbances with hypersecretion of 
mucus, and weakness of the legs were characteristic 
of dysfunction of the lower brain-stem. 

Focal cranial nerve signs mentioned by Walton 
(1956) in his review of cases from the literature and 
the Newcastle series, included nystagmus, externa! 
rectus and facial palsies, premonitory attacks of 
vertigo, and deafness. Pain in the trigeminal 
territory was a common feature of aneurysms on the 
internal carotid artery and its terminal branches, 
but ipsilateral headache was mentioned in one 
patient with a basilar aneurysm lying in the left 
cerebello-pontine angle. Contraction of the pupils, 
although a well recognized feature of pontine 
haemorrhage, was not stressed as a sign of aneurysms 
of the posterior fossa. Subarachnoid bleeding has 
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een Observed by Robertson (1949) to cause con- 
ulsions, plastic disorders of tone, and fluctuating 
iemiparesis. He found that fits of a tonic type 
night result if blood clot formed on the ventral 
.urface of the brain-stem. Brain (1955) considered 
hat quadriplegia and various forms of “crossed 
yaralyses’” might occur due to a leaking basilar 
ineurysm, and that the head retraction was likely 
.o be conspicuous when haemorrhage resulted from 
in aneurysm in the posterior fossa. 

Accounts of surgical treatment usually consist of 
reports of a single case. Dandy (1944) wrote of a 
large aneurysm on the vertebral artery which was 
shelled out easily but the patient died from the effect 
of high pressure in the posterior fossa. Six success- 
ful operations have been reported. Schwartz (1948) 
described the excision of an aneurysm on an 
aberrant artery related to the internal auditory 
artery. Rizzoli and Hayes (1953) recorded one case 
of a posterior inferior cerebellar aneurysm. The 
patient presented with bilateral sixth nerve palsies 
and multiple subhyaloid haemorrhages in the fundi. 
The location of the aneurysm in the posterior fossa 
was suspected by the presence of hydrocephalus on 
ventriculography with a shift of the fourth ventricle 
to the right. The sac was completely excised with 
its segment of artery and a reasonable neurological 
recovery eventually followed. Norlén and Barnum 
in the same year described symptomatic relief after 


treatment of one large vertebral aneurysm by a 
decompression and packing with muscle, and also 
the successful excision of an aneurysm on the 
posterior inferior cerebellar artery in a man aged 26 
who was alive and well six years later. 

Two cases of aneurysm of the posterior inferior 


cerebellar artery treated surgically have been 
described by DeSaussure, Hunter, and Robertson 
(1958). The first patient, in addition to severe 
occipital headache, had unusual focal symptoms at 
the onset consisting of weakness and tingling of the 
left extremities with blurred vision in the left 
homonymous half-fields, which suggested spasm 
extending to the right posterior cerebral artery and 
circle of Willis. The authors in both cases adopted 
the procedure of ‘trapping’ the aneurysm between 
proximal and distal clips with occlusion of the 
posterior inferior cerebellar artery. They considered 
that the mild ataxia which resulted was preferable 
to the risk of further haemorrhage. 

Uihlein and Hughes (1955) reported exploration 
of 14 aneurysms on the basilar-vertebral system. 
Eight of the 14 patients died of aneurysmal rupture, 
but no definitive treatment was undertaken for these 
lesions. 

Although factual information about these 
ineurysms is increasing, the view that posterior 
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fossa arterial lesions are probably untreatable, still 
tends to influence our attitude to further investiga- 
tion and to dissuade us from performing vertebral 
angiography routinely after negative carotid arterio- 
grams. Walton (1956), after reviewing a variety of 
papers dealing with the surgical treatment of 
aneurysms, made the following statement: “Al- 
though occasionally posteriorly situated aneurysms 
have been operated upon with success, the great 
majority of those on the basilar and many on the 
vertebral and cerebellar arteries are not at present 
operable’’. Walsh (1957) also commented that “‘few 
cases of posterior fossa aneurysms are at present 
amenable to surgical treatment’. 

Theoretical considerations, however, suggest that 
these aneurysms should not present insuperable 
technical difficulties. First because they are primarily 
“subarachnoid” aneurysms lying free in the subar- 
achnoid space, so that little retraction of brain is 
necessary to expose them. Secondly both vertebral 
arteries are visible for most of their course through 
a posterior fossa approach, and there is a good deal 
of room for surgical manoeuvre. The whole length 
of the basilar artery can be clearly seen by a trans- 
tentorial approach, the only limiting factor being 
the fifth, seventh, and eighth cranial nerves which 
can to some extent be moved out of the way. 
Finally when treating aneurysms on the vertebral 
artery and its branches, there is always the opposite 
vertebral artery to maintain blood flow should it be 
necessary to occlude the vessel. 


Case Material 


In view of the rather negative attitude towards 
surgical treatment, it was felt worth while to record 
six consecutive cases of ruptured posterior fossa 
aneurysm operated on successfully. 

A second group of six cases selected at random 
has been included in the series for the purpose of 
obtaining further examples of the localizing signs of 
subarachnoid haemorrhage in this situation. Five 
were obtained from past records at the Atkinson 
Morley Hospital and are included by kind permis- 
sion of Mr. Wylie McKissock, and one case came 
to necropsy at Maida Vale Hospital. It must be 
stressed that Group II are not to be regarded as a 
control series medically treated. 

The situations of the aneurysms in Groups I and Il 
are shown in Table I. 

The cases in Group | are illustrated in line drawings 
of vertebral arteriograms (Fig. 1). 

The vertebral trunk in the region of the origin of 
the posterior inferior cerebellar artery was the 
commonest site. No significant predominance with 
regard to side was shown by the whole series. 


























Fic. 1.—Vertebral arteriograms of the six patients submitted to surgery. 


Case 1 (C.G.).—Antero-posterior projection to show the 
aneurysm on the right superior cerebellar artery. 


Case 3 (J.R.).—Lateral view showing a large aneurysm with 
a broad neck on the posterior inferior cerebellar artery. 


Case 5 (M.K.).—Lateral view. The aneurysmal sac consists of 
a dilatation of the vertebral arterial trunk; the posterior inferior 
cerebellar artery arises from the apex of the aneurysm with the 
distal trunk of the vertebral. 


Case 2 (C.C.).—Antero-posterior view. The aneurysm arises 
from the right side of the basilar artery and gives origin to the 
posterior cerebral and superior cerebellar trunks. 


Case 4 (C.H.).—Oblique view to show the bilocular aneurysm 
arising directly from the vertebral artery in conjunction with the 
origin of the posterior inferior cerebellar branch. 


Case 6 (P.McM.).—Lateral view showing the sac which con- 
sists of a dilatation of the vertebral artery just within the foramen 
magnum. The posterior inferior cerebellar artery has the same 
relationship to the sac as in Case No. 5 
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TABLE I 
SITE OF ANEURYSMS 





Case 


Group I 


Side 


Situation 





Right 


Left 
Left 
Left 


Right 


| Left 


Superior cerebellar artery 

Basilar at origin of superior cerebellar and posterior cerebral arteries 
Posterior inferior cerebellar artery 

Aneurysm arising by neck from the vertebral artery 

On the vertebral artery as localized saccular dilatation 

On the vertebral artery as localized saccular dilatation 





‘ases 54, ‘5, and 6 ‘all closely related | to the origin of the posterior inferior cerebellar artery 


Group ll 7 
| 8 





Left 
Left 


Middle 


Right 


Left 


| Right 


Basilar at origin of superior cerebellar and posterior cerebral ar arteries 
Anterior inferior cerebellar artery 

Basilar artery 

Vertebral basilar junction 

Posterior inferior cerebellar artery 

Posterior inferior cerebellar artery 





Clinical Features 
The present series showed a slight female pre- 
ponderance of eight females to four males (Table II). 
The ages at time of the subarachnoid haemorrhage 
ranged from 35 to 68, and eight of the 12 patients 


were between the ages of 40 and 60, the age period 
of maximal incidence for this disorder. The sex 
and age distribution did not differ therefore from 
that in subarachnoid haemorrhage from supra- 
tentorial aneurysms. 


TABLE II 
CLINICAL FEATURES 





Site of 
of 
Aneurysm 


R. sup. 
cerebellar 


L, sup 
onatine 
Post. 

cerebral 


Basilar 


"i post. inf. 
cerebellar 


i... 
| Vertebral 


Vertebral 
Post. Inf. Cerebellar 


Vertebral 


L. 
M. Vertebral 


L. sup. 
cerebellar 
Post 
cerebral 


| L. ant. inf. | 
| and sup. 
cerebellar 


Basilar 


Mid 

basilar 
| 2R. vert. | 3 
and basilar | 


L. vert. and) o 


post inf. 
cerebellar 

R. vert. and) 2 
post. inf. 
cerebellar | 


‘ertebral 


Post. Inf. 


Bleeds 


Disturbance 


ness 
1 fit 
4 comas 


Confused ~ 


1 collapse 
| | fit 


1 ye 


| Coma 1 br. 


| Semicoma 
36 hr. 


| Semicoma 
| Deep 2 hr. 


| Semicoma 


| Coma 12 hr. 


| recovered 
| Uncon, 15 
| min. 


Conscious- 


| Fit 4th day 


Found 


unconscious | 


| | fit uncon. 


30 min. 


| Uncon. 1 hr.| 
| on Iith day | 


Fundi 


| Papill- 


oedema 


Haem. 


and 
Papill- 


| oedema 


| Papill- 
oedema | 





| Coma 12 hr. | Haem. 


Drowsy 


Coma 


| Haem. 


| External 
Ocular 


Pupils Move- 


. , L. hemi- 

jupper deaf paresis 
jmotor 

Dilated neurone L. upper 

limb all 


jerks + 


Transient | Transient | Contra- 
unequal | nystagmus | lateral 
contracted | fx 
R. miosis | Ptosis | P.H. 
| Transient | L. pain | 
| nystagmus | 
Ptosis | Painful | L 
| par- jupper 
| aesthesiae) motor 
neurone 


Weakness 
legs 


Vertigo: Weak legs 
S 


Vertigo R. then L. 
hemi- 
paresis 
Weak legs 
L. hemi- 
paresis 
Weak legs 

t onset 
L. spastic 
hemi- 
paresis 
L. hemi- 
paresis 
Twitching 
R. arm 


Flaccid 

| quadri- 
plegia 
R. hemi- 
paresis 


Contracted | L. 6th 
| nystagmus) 


‘Contracted Ptosis. 


| Dilated 
| Unequal 

Fixe 
| R. 
jupper 
| motor 
| neurone 
| Contracted | } Bilateral R. | L. R. hemi- 

| upper | deaf paresis 


motor | 
| Contracted | Contra- jneurone, 
lateral 


6th 


| Weak legs 
iL. > ez. 


tt 


tt 


' Recovery 


Recovery 


Recovery 


Recovery 


12 
hours 


10th 


Recovery 


Recovery 


Chest infection 
Death 
Sth day of illness 


Death 
6th day 


Death 

10 hours after 
admission 
Death 


| 26th day 


Recovery 


Death 
7th day 
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Symptoms and Signs 

Weakness of the Legs.—This or sudden falling was 
an initial symptom in five patients. The loss of 
power was not infrequently transient and might 
improve before the patient was prostrated by 
headache. One patient (Case 3) stopped driving his 
car because of leg weakness and nausea before the 
usual symptoms of subarachnoid haemorrhage 
developed a quarter of an hour later. Case 6, a man 
aged 55, after mild headache for four days suddenly 
vomited and lost the use of his legs. A woman 
(Case 4) “‘flopped’’ to the floor during a dancing 
lesson because her legs gave way. Another woman 
(Case 7) was found by her husband holding herself 
up by the sink, and did not develop headache till 
some hours later. A man aged 62 (Case 12) suddenly 
developed weakness of the left leg, which then 
spread to the right and was followed by headache 
and vomiting. 


Headache.—Headache was an early symptom in 
every patient except one (Case 8) who lost conscious- 
ness immediately and died in coma. A period of 
mild headache for several days might be followed by 
a severe exacerbation with signs of meningeal 
irritation, indicating a frank haemorrhage. The 
intense headache was usually occipital at the onset 
but then became generalized, spreading over the 
head to the frontal region. The accompanying neck 
rigidity was usually of moderate degree, and head 
retraction was exceptional. Localization of pain in 
the region of the ear on the same side as the aneurysm 
was observed in two patients, in one (Case 1) 
associated with an aneurysm on the superior cere- 
bellar artery, and in the other (Case 5) with an 
aneurysm on the vertebral artery. A past history of 
frontal headache regarded as migraine was given by 
three patients (Cases 1, 4, and 5). Case 4 had 
experienced trigeminal neuralgia on the side of the 
aneurysm. Sensory disturbance in the trigeminal 
territory in Cases | and 5 accompanied actual 
rupture. However, lateralization of the aneurysm 
by the site of the pain at the onset of haemorrhage 
was not always reliable. One man, aged 35 (Case 3), 
had experienced right-sided headache for a month, 
and at the time of the ictus complained of an intense 
exacerbation, but the aneurysm was situated on the 
left vertebral artery. 


Loss of Consciousness.—The initial loss of con- 
sciousness might be of sudden onset and of up to 
36 hours’ duration followed by recovery of the 
senses. The patient then might become alert and 
cooperative (Cases 3, 8, and 11). A noticeable feature 
of the disorder in seven patients was that of brief 
depressions in the level of consciousness, followed 
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by rapid improvement, and five of these patients 
(Cases 1, 3, 5, 8, and 10) also experienced convulsive 
episodes. 

A woman, aged 47 (Case 5), had an epileptiform 
attack with jerking movements of the arms and 
stertorous breathing at the onset of the haemorrhage, 
and later in her illness two generalized convulsions 
with “‘bubbly”’ respiration, followed by a transient 
flaccid hemiplegia. One man (Case 3) lost con- 
sciousness on the eighth day of illness with frothing 
at the mouth. Later on the same day, on recovery 
from anaesthesia for carotid and vertebral angio- 
graphy, he collapsed again with slow stertorous 
breathing. The pupils were contracted and both 
plantar responses became extensor. The supraorbital 
nerve was compressed to assess the depth of coma, 
at which stimulus he suddenly showed free move- 
ment of the limbs, recovered consciousness, became 
loquacious and said he felt fine. Presumably on this 
occasion the rapid change in his condition was due 
to spasm of the basilar artery, followed by return of 
the circulation. Stertorous respiration and hyper- 
secretion of mucus were prominent in these attacks, 
and were also observed in another patient (Case 10) 
accompanied by protrusion of the tongue. A focal 
adversive attack occurred in one patient, and focal 
seizures in the arm in another with evidence of fresh 
haemorrhage. 


Recurrent Haemorrhage.—Recurrences of haemor- 
rhage, as judged by increase of headache, deteriora- 
tion in the level of consciousness, and fresh blood 
in the cerebrospinal fluid were a common feature of 
these aneurysms, and eight patients (Cases 1, 3, 5, 6, 
7, 8, 10, and 12) together had 25 haemorrhages. A 
fatal outcome or crippling neurological disability 
did not necessarily result. Three patients (Cases |, 
3, and 5) each had four haemorrhages, yet survived 
operation. 


Fundus Oculi.—Retinal or subhyaloid haemor- 
rhages were seen in four patients (Cases 5, 8, 11, 12). 
One woman (Case 5) had gross bilateral subhyaloid 
haemorrhages due to a subarachnoid haemorrhage 
from a right vertebral aneurysm. Papilloedema was 
present in three patients (Cases 7, 8, and 10), one of 
whom (Case 8) showed papilloedema on the same 
side as the haemorrhage and a vitreous haemorrhage 
in the other eye. 


Cranial Nerve Signs.—Abnormalities of the pupils 
and ocular movements were the commonest defect 
of the cranial nerves. Bilateral contraction of the 
pupils was observed in five patients (Cases 3, 6, 7 
11, and 12) and unequal pupils in three (Cases 3, 4 
and 9). Two patients (Cases 2 and 9) showed widely 
dilated pupils which were also inactive in the latte: 
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yatient (Case 9) who subsequently died. Sixth 
ierve palsies, which might be unilateral or bilateral, 
yxccurred in four patients (Cases 1, 6, 11, and 12). 
When unilateral, the palsy was not of value as a 
ateralizing sign unless associated with palsies of 
ieighbouring cranial nerves as in one patient (Case 
|) with trigeminal and eighth nerve lesions in 
addition. Three patients showed ptosis (Cases 4, 5, 
and 7), and three (Cases 3, 4, and 6) nystagmus 
which appeared at the onset of the haemorrhage as 
a transient feature, but was sustained in one patient 
(Case 6) on lateral deviation towards the side of the 
lesion, a vertebral aneurysm. 

Paraesthesiae in the trigeminal territory in one 
patient (Case 5), and cutaneous sensory loss in 
another (Case 1) developed on the same side as the 
ruptured aneurysm. Symptoms referable to the 
eighth nerve consisted of rotatory vertigo (Cases 4 
and 5), and two other patients (Cases | and 11) 
became deaf on the side of the ruptured aneurysm. 

A contralateral facial paresis of an upper motor 
neurone type was observed in four patients (Cases 1, 
5, 10, and 11) associated with a hemiparesis. 


Signs in the Limbs.—These were bilateral in 10 
patients (Cases 1, 2, 4, 5, 6, 7, 8, 9, 10, and 12). 
Evidence of pyramidal disturbance was found in all 
the patients at some time in their illness, though in 
one (Case 3) only after a fit when bilateral extensor 
plantar responses appeared. Weakness of the legs 
as mentioned before occurred as an initial symptom 
in five patients. 

A unilateral hemiparesis (Cases 6, 8, 10, and 11) 
or alternating hemiparesis (Cases 5 and 7) might 
appear in association with a sudden loss of con- 
sciousness or convulsive episode. These hemipareses 
were often transient leaving only slightly increased 
tendon reflexes. A total flaccid paraplegia was 
present until death in a haemorrhage due to rupture 
of a mid-basilar aneurysm. The plantar response 
was extensor in character in 10 patients, and in 
seven of these the abnormality was bilateral. A 
“crossed” paralysis or hemiplegia was observed in 
two patients (Cases | and 11) with cranial nerve 
lesions on one side and pyramidal signs in the 
opposite limbs. Sensory loss in the limbs, as in most 
cases of subarachnoid haemorrhage was uncommon; 
one patient (Case 4) showed impaired appreciation 
of temperature contralaterally and absent vibration 
sense in the leg on the side of a vertebral aneurysm. 


Investigations 


The cerebrospinal fluid pressure in the early hours 
after the subarachnoid haemorrhage was available 
in nine cases. The level was not of a high order 
initially, and in five patients was 200 mm. or less, 
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though later, especially in the fatal recurrences, 
levels of 300 mm. and over developed (Table III). 


TABLE III 
CEREBROSPINAL FLUID PRESSURE 





Case No. 


Normal 5 and 7 
150 to 200 2, 6 and 8 
210 to 250 1, 3, and 12 

300 10 


C.S.F. Pressure in mm. 





Although subhyaloid haemorrhages are usually 
attributed to haemorrhage from an _ anteriorly 
situated aneurysm, or to a sudden rise in cerebro- 
spinal fluid pressure sufficient to occlude the central 
retinal veins, there did not seem a correlation 
between the presence of these changes in the fundi 
and the cerebrospinal fluid pressure at lumbar 
puncture. Widespread subhyaloid haemorrhages 
were present in both eyes in one patient (Case 5) 
when the cerebrospinal fluid pressure was 140 mm. 
Another (Case 8) showed a right vitreous haem- 
orrhage and left-sided papilloedema with a cerebro- 
spinal fluid pressure of 200 mm. 


Electroencephalography (E.E.G.).—Electroence- 
phalographic recordings were carried out in four 
patients (Cases 2, 3, 4, and 5). Similar E.E.G. 
abnormalities were observed in those patients 
(Cases 2, 4, and 5) with haemorrhage due to rupture 
of an aneurysm arising close to the basilar-vertebral 
trunk. The abnormalities consisted of periodic 
bursts of generalized slow waves in the frontal and 
occipital leads occurring at intervals of 10 to 60 
seconds and lasting one to two seconds. The 
amplitude of the slow-wave bursts was greatest in 
Case 2, a patient with a relatively small aneurysm, 
but which arose directly from the anterior end of the 
basilar artery. 

The phenomenon of periodic bursts of generalized 
slow waves has been described by other authors 
including Tucker (1958) in lesions of the brain- 
stem. 


Radiology.—Bilateral carotid angiography was 
employed in 11 patients without revealing the 
aneurysm, and right carotid angiography repeated 
on another occasion in Case 1 showed no abnor- 
mality. In Group I unilateral vertebral angiography, 
lateralized on clinical features in three patients 
(Cases 1, 5, and 6), filled the aneurysm successfully. 
Bilateral vertebral angiography was required in 
three patients. In Case 2 vertc'»ral angiography on 
one side was unsuccessful, but the basilar aneurysm 
filled satisfactorily from the other vertebral. In 
Case 3, a man with severe right-sided facial pain, the 
right vertebral artery was injected first due to the 
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false localization by facial pain and the basilar artery 
filled without showing the aneurysm on the left 
posterior inferior cerebellar artery. In Case 4, 
spasm of the intracranial vessels and irregularity of 
the right vertebral artery was observed but injection 
of the opposite vertebral artery revealed the aneurysm 
on the left posterior inferior cerebellar artery. 

Post-operative angiography in Group I was 
carried out, except in those patients where proximal 
ligature of one vertebral artery had been employed 
(Cases 5 and 6), as spasm of the remaining patent 
vertebral artery might well have endangered the 
basilar circulation. 

Vertebral angiography was performed in two 
patients (Cases 10 and 11) in Group II; in Case 10 
the result was equivocal, in Case 11 bilateral vertebral 
angiography showed a tortuous basilar artery and 
a small aneurysm on the left posterior inferior 
cerebellar artery. ; 

Ventricular dilatation was observed in three patients 
(Cases 3, 7, and 11). Wide-swept anterior cerebral 
arteries on carotid angiography in Case 7 indicated 
enlargement of the ventricles. Ventriculography in 
Case 3, a man aged 35, who developed ataxia and 
dementia after subarachnoid haemorrhage from a 
posterior inferior cerebellar aneurysm, showed 
generalized ventricular dilatation due to a com- 
municating hydrocephalus. A slight ventricular 


dilatation was found in Case 11, a woman aged 68, 


on whom air studies were carried out to exclude 
the presence of a clot when a hemiparesis developed. 

Carotid angiography, although it might reveal a 
complicating ventricular dilatation, was not of 
assistance in visualizing these aneurysms. If uni- 
lateral vertebral angiography was negative in Group 
I cases, the opposite vertebral artery was injected; 
otherwise it was found that an aneurysm on a 
vertebral artery at the usual site in proximity to 
the origin of the posterior inferior cerebellar artery 
might be missed. 

Ventriculography was required to detect the 
presence of hydrocephalus resulting from inter- 
ference with circulation of cerebrospinal fluid by 
adhesions in the posterior fossa. 


Surgery of Posterior Fossa Aneurysms 

The principles of surgical treatment of aneurysms 
in this location are similar to those which apply to 
the supratentorial aneurysms. Thus the method of 
election consists of the occlusion by clip or ligature 
of the neck of the aneurysm without interference 
with the patency of the parent vessel, as was achieved 
in Cases 3 and 4. When the aneurysm arises from 
what is considered to be an expendable artery the 
sac with its segment of vessel may be completely 
excised, as in the case reported by Schwartz in 1948 
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and in Case | of this series. The related procedur 

of “trapping” the aneurysm by a clip on the arter) 

both proximal and distal to the origin of the sac, 
is also a feasible one for dealing with saccular 
dilatations of the vertebral artery. This method wa; 
considered for Cases 5 and 6, but the fact that in 
both these patients the posterior inferior cerebellar 
artery took origin directly from the apex of the sac 
precluded the manoeuvre. A clip on the vertebra! 
artery proximal to the sac had to suffice, and was 
successful in preventing further bleeding. 

Some doubt has been cast on the efficacy of this 
method of proximal occlusion of the vertebral artery 
for saccular dilatations of its trunk by the experi- 
mental work of Bakay and Sweet (1953) and has 
been quoted by other authors. Their investigation 
consisted of acute experiments (the number of which 
was not stated in the article) carried out during the 
course of operations on patients with posterior 
fossa lesions. The vertebral artery was occluded out- 
side the skull between the occiput and atlas, measure- 
ments of the blood pressure then being recorded 
from the vertebral artery and posterior inferior 
cerebellar artery, using a very fine needle and electro- 
manometer. The authors concluded that ligation of 
the vertebral artery on one side did not produce an 
adequate drop in pressure in the vessel for treatment 
of an aneurysm providing the opposite vertebral 
trunk was of approximately the same size. 

Whether the results of brief occlusions of the 
vertebral artery in patients under full anaesthesia 
can be compared with the long-term pressure 
changes following vertebral clipping in patients with 
normal vascular tone, or even increased tone follow- 
ing a subarachnoid haemorrhage, is open to serious 
question. 

Certain practical observations made at operation 
in the present series are relevant to this discussion. 
Thus when the vertebral artery is clipped, the 
aneurysmal sac is left situated at the end of a long 
cul-de-sac in which the blood flow is reversed. At 
operation on the two patients in this series (Cases 
5 and 6) when the vertebral artery was occluded the 
aneurysmal sac was seen to decrease considerably 
in size and the amplitude of its pulsation diminished. 
In both patients following this procedure ischaemic 
brain-stem symptoms developed and there can be no 
greater proof than this that proximal occlusion 
influenced the blood supply. Finally in both the 
patients there has been no repetition of the 
haemorrhage post-operatively, and one of them had 
had repeated severe bleeds. 

It would seem therefore from actual surgical 
experience that occlusion within the skull of a 
vertebral artery proximal to a ruptured saccul.r 
dilatation is an effective method of treatment, ai 4 
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that in practice the real danger lies in the production 
of an excessive fall in blood pressure with subsequent 
ischaemia of the brain-stem, although it was 
recoverable in both these patients. The risk of 
thrombosis of the basilar artery following vertebral 
ligation must be mentioned, as this has been con- 
sidered a contraindication by DeSaussure and his 
colleagues (1958). The recent case discussed by 
them in which this complication occurred was 
described by French and Haines (1950) and was not 
comparable, as the vertebral-basilar circulation was 
hypertrophied to supply a vascular meningioma. 
Another method of treatment consists of wrapping 
a sheet of muscle round the aneurysm. This technique 


- was adopted in Case 2, because both the posterior 


cerebral and superior cerebellar arteries on the same 
side were found to arise from the sac, and it was 
considered that occlusion of the aneurysm with 
these two vessels carried too high risk of infarction. 
If for anatomical reasons other methods are not 
practical, this procedure may occasionally be 
indicated. 


Surgical Approach.—The six patients in this series 
were all operated upon in the sitting position in a 
surgical chair utilizing conventional anaesthetic 
technique, except for Case 4, the most recent case 
chronologically, in which hypothermia was also 
induced. 

Two methods of surgical approach were adopted. 

Aneurysms on the vertebral arteries and their 
branches were explored through a_ unilateral 
posterior fossa craniectomy, and even in Case 4 
where the sac was shown by arteriography to be 
situated far anteriorly in the fossa, relatively little 
difficulty in access was experienced. 

On the other hand, aneurysms on the basilar and 


superior cerebellar artery were visualized by a 
transtentorial approach. This was carried out 
through a craniotomy flap exposing the posterior, 
temporal, and occipital regions. This area of brain 
was then elevated, as far as possible preserving the 
veins draining into the superior petrosal sinus, the 
tentorium then being incised a few millimetres 
behind its petrous attachment and avoiding damage 
to the fourth nerve. On retracting the cerebellar 
hemisphere the basilar artery and its branches could 
then be clearly seen, the only obstruction to exposure 
being the fifth, seventh, and eighth cranial nerves, 
and in Case | the fifth nerve had to be divided in 
order to mobilize the sac on the superior cerebellar 
artery. 

One disadvantage of this approach was that a 
homonymous hemianopia invariably resulted, but 
cleared up in one to three weeks. 


Time for Surgery.—The principle that arteriog- 
raphy and operation should be performed as soon 
after the haemorrhage as the patient’s condition 
permits was followed as far as possible. However, 
as will be seen from Table IV, the time that elapsed 
between the last haemorrhage and operation varied 
from 12 hours in Case 5 to 19 days in Case 4. The 
longer intervals were mainly caused by the wait 
between the performance of the carotid and the 
vertebral arteriograms, and in three of these six 
patients it should be noted that further haemorrhages 
occurred during this interval. 

Early diagnosis is important in the management 
of these patients. Ruptured posterior fossa 
aneurysms bleed repeatedly and are dangerous due 
to the risk of infarction of the pons, haemorrhage 
into the brain-stem and cerebellum, and organiza- 
tion of blood clot in the posterior fossa. Although 


TABLE IV 
OPERATIVE RESULTS 
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| } 
Day terval No. | Condition | 
of Last o | at 
Illness Bleeds | Bleeds Operation 
witeiesiaias Pa A Sy Tee a ae 
Uninterrupted 


21st 16 4 , Good 
days | 


15th 15 1 Good 


Uninterrupted 
days 


oth 2 4 Poor 


. Good Uninterrupted 


Convalescence Interval | Activity 


Dementia due to communi- | 2 Light 
days | cating hydrocephalus years work 


Residual Defects 


7 Full Sth sensory loss following section at 
years operation. Slight contracture homo- 
lateral facial muscles 
18 Full None 
months 


Nystagmoid jerks. Slight difficulty 
in balancing on one leg 


1 Full 


Initial weakness of left trapezius 
year 


ischaemia. Tracheotomy , months e 


Fair Difficult 


Brain-stem ischaemia | years work 
Tracheotomy for respiratory 


infection 


2 Light Horizontal nystagmus 

Reduction of cutaneous sensibility 
below knee of R. leg. Joint sense 
impaired in toes 


| 
Poor | Difficult. Brain-stem 18 | Impaired Low visual acuity. Ataxia of gait 
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the disturbances of consciousness and limb pareses 
may be transient, the patient’s mentality and general 
condition deteriorate with each bleed and chest 
infection tends to supervene. 

Cases 3 and 5 were operated on the ninth day of 
illness, the former two days and the latter 12 hours 
after a fourth haemorrhage. Both were gravely ill 
at the time of operation and had difficult post- 
operative periods. Case 3 remained confused with 
marked intellectual deterioration due to a com- 
municating hydrocephalus which required anterior 
ventriculostomy. Some circulatory disturbance 
may already have been present in Case 5 as she had 
had two convulsions with bubbly respiration and 
transient hemipareses 12 hours before operation. 
She developed symptoms of bulbar ischaemia post- 
operatively from which she made a slow recovery 
and was left with some ataxia of gait. Visual failure 
due to subhyaloid haemorrhages is another danger 
of delay, but in Case 5 the damage occurred after 
the first haemorrhage. 

Even in gravely ill patients the level of con- 
sciousness and vital functions after a bleed usually 
recover to a stage at which neurosurgery can be 
undertaken. Repeated lumbar puncture may be 
useful. 

As will be seen from the abstract of results (Table 
IV) good condition at the time of operation and 
absence of significant cranial nerve or other pareses 
are the features which assist in obtaining a satis- 
factory operative result. 

A greater awareness of the clinical features of 
haemorrhage due to posterior fossa aneurysms 
would lead to the diagnosis being suspected at an 
earlier stage, so that vertebral angiography could be 
employed without unnecessary delay. The problem 
whether carotid angiography can be omitted in 
selected cases will be considered in the discussion. 


Discussion 

Certain clinical features of the ictus require 
explanation, such as the absence of signs of cerebellar 
disturbance, apart from nystagmus, when an 
aneurysm associated with one of the cerebellar 
arteries has ruptured. Elkington (1958) has attri- 
buted the rarity of frank cerebellar symptoms in 
basilar occlusion to the rich anastomoses between 
several vessels in this organ or because of its relative 
insensitivity to anoxia. Perhaps in aneurysmal 
lesions previous ischaemia in the territory of the 
affected vessel has resulted in the opening up of col- 
lateral supplies, or compensatory mechanisms have 
developed as in other slowly growing cerebellar 
lesions. The midline cerebellar syndrome with 
truncal ataxia might not be detected in these 
seriously ill patients who cannot be mobilized. 
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Kremer (1958) regards weakness and collapse ot 
the legs at the onset as a manifestation of distur- 
bance of the cerebellar connexions in the brain-ster 
knocking out the Y-fibre servo loops. 

The severity of the subhyaloid haemorrhages may 
be surprising as the source of the bleeding is poste- 
riorly situated and the cerebrospinal fluid pressure 
is not invariably high. It is important to realize thei: 
occurrence, otherwise delay in diagnosing posterio: 
fossa aneurysms may result from repeated carotid 
angiography or attempts to find other causes, such 
as a haemorrhagic diathesis, before vertebra! 
angiography is undertaken. 

Haemorrhage in the posterior fossa may produce 
some form of block so that the cerebral and spinal 
subarachnoid pressures do not equalize. Taylor and 
Whitfield (1936) described a case in which no blood 
reached the cerebrospinal fluid and suggested that 
sudden bleeding might result in a cerebellar pressure 
cone. Swelling of the cerebellum also can be 
associated with vascular disturbances of the lateral 
tegmentum of the pons as observed by Atkinson 
(1949) in operative occlusion of the anterior in- 
ferior cerebellar artery. Such mechanisms, however, 
have only been seen in fatal cases. The brain in 
Case 7 showed multiple infarctions in the pons, 
some of which were situated in the lateral tegmental 
region, dilatation of the lateral ventricles previously 
diagnosed by carotid angiography before death, 
blood in the fourth ventricle, and grooving of the 
cerebellar tonsils suggestive of herniation (Figs. 2, 
3, and 4). 

Ventricular dilatation may result from the pre- 
sence of firm blood clot in the fourth ventricle and 
subarachnoid space, and in the course of a week or 
so adhesions form in the posterior fossa as displayed 
at operation in Cases 3 and 4. In the former patient 
(Case 3) operative treatment was required to short 
circuit the obstruction by a ventriculostomy. 

The true incidence of, posterior fossa aneurysms 
is difficult to determine until bilateral vertebral 
angiography is carried out as a routine in cases of 
subarachnoid haemorrhage, when carotid angio- 
graphy is negative. If the incidence is of the order 
of 10 to 15%, as has been suggested, it would seem 
high enough to justify complete angiography. It will 
be realized that vertebral angiography will of course 
show up vascular lesions in the peripheral distri- 
bution of the vertebral supply beyond the subten- 
torial area to which this communication is confined, 
namely, the posterior cerebral trunks and _ their 
branches in the occipital lobes. The importance o! 
this wider aspect of the investigation of patients with 
subarachnoid haemorrhage was emphasized by 
Spatz and Bull (1957) when, in 60 patients in whom 
bilateral carotid angiograms showed no lesion. 





Fic. 2.—-Case 7. Section of brain-stem at mid- 
pontine and nodular level to show multiple 
i left 


pontine infarcts, and two infarcts in 
cerebellar hemisphere with blood in fourth 


ventricle. 


Fic. 3.—Case 7. Section of brain showing 
dilatation of anterior and posterior horns of 


lateral ventricles. 


Fic. 4.—Case 7. Atheromatous basilar artery 
with aneurysm situated between left posterior 
cerebral and superior cerebellar arteries. 
Grooving of cerebellar tonsils. 
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subsequent vertebral angiography showed a vascular 
cause in 16 cases (26%) of which eight were angiomas 
and eight aneurysms. 

The question arises whether the clinical features 
of aneurysms in the posterior fossa are sufficiently 
clear cut to justify vertebral angiography without 
undertaking bilateral carotid puncture first. Onset 
with weakness of the legs, fluctuations in conscious- 
ness, cenvulsive attacks with respiratory distur- 
bances and hypersecretion of mucus, and minor 
brain-stem signs seem characteristic of subarachnoid 
haemorrhage due to these lesions, and recurrence of 
haemorrhage is common in the first three weeks. 
The difficulty is to distinguish between the dis- 
turbances due to haemorrhage in the region of the 
posterior fossa from those due to ruptured aneurysm 
of the anterior cerebral anterior communicating 
artery, which is a commoner cause of subarachnoid 
haemorrhage and is responsible for about 26% of 
cases. The anterior cerebral anterior communicating 
and basilar-vertebral aneurysms share in common 
certain clinical features, as haemorrhage from either 
irritates the brain-stem, though at different levels. 
Irrecoverable signs of neurological damage are 
commoner in the anteriorly situated aneurysms but 
time only can prove this in the individual patient. 
Both show the features of recurrent bleeds, and 
fluctuations in the level of consciousness. Unless 
neighbourhood signs in the cranial nerves indicate 
without doubt the lesion in the posterior fossa, the 
difference in incidence is so considerable that it 
would seem essential to carry out bilateral carotid 
angiography as an initial investigation. However, 
delay before proceeding to vertebral angiography 
should be minimal as a fatal bleed may occur any 
time in the posterior fossa, or irrecoverable damage 
to vision result if subhyaloid haemorrhages are 
prominent. An important point is that vertebral 
angiography should be bilateral, as although the 
basilar artery can be filled satisfactorily from either 
vertebral artery, unless both vertebral arteries are 
injected an aneurysm at the origin of the posterior 
inferior cerebellar artery may be missed. 

The view has been expressed by Walton that 
vertebral angiography has the disadvantage of a 
higher incidence of thrombotic incidents which may 
be fatal. In the first six cases under consideration, 
angiography of carotid and vertebral vessels was 
carried out by a skilled radiologist. A sudden 
collapse with stertorous breathing followed com- 
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bined carotid and vertebral angiography in Case 3, 
but on a painful stimulus he immediately recover. d 
consciousness without any sequelae. 

The prognosis of an individual haemorrhage is 
less grave than might be expected from the clinical 
features. Manifestations usually considered to 
indicate a poor prognosis, such as convulsions, 
stertorous breathing, and long tract signs, may be 
produced by irrjtation of the brain-stem without 
irrecoverable neurological damage, so have a less 
grave significance than when resulting from 
aneurysms elsewhere. The bilateral supply at the 
posterior and anterior extremity of the basilar 
artery may help to maintain the circulation. 

Surgical treatment would seem the only effective 
answer to subarachnoid haemorrhage in the posterior 
fossa. The condition has a high natural mortality 
due to recurrent bleeds and spontaneous recovery 
took place only in one elderly patient (Case 11) in 
this series of 12 cases. Nothing therefore can be lost 
by embarking on vertebral angiography when 
carotid angiography is negative. If the lesion proves 
operable the results are good in experienced hands, 
even in the patients gravely ill from recurrent 
haemorrhages at the time of surgical intervention. 


Conclusions 

Twelve cases of subarachnoid haemorrhage due 
to posterior fossa aneurysms are described. The 
incidence shows the same sex and age distribution as 
in supratentorial lesions. 

The clinical features of ruptured subtentorial 
aneurysms include weakness of the legs at the onset 
followed by headache and vomiting, fluctuation in 
the level of consciousness, with stertorous breathing 
and fits. Cranial nerve signs consist of subhyaloid 
haemorrhages, contracted pupils, nystagmus, and 
fifth, sixth, seventh, and eighth nerve pareses. 
Transient hemipareses occur in the limbs, sometimes 
with bilateral pyramidal signs. Electroencephalo- 
graphy (E.E.G.) may be of value by recording 
periodic bursts of slow waves suggestive of a brain- 
stem lesion. Both vertebral arteries may require 
injection to detect the aneurysm. The lesions are 
dangerous because bleeding usually recurs unless 
surgical treatment is undertaken. All six patients, on 
whom craniotomy was performed with suitable 
operative treatment of the aneurysm, survived, and 
five of the six made good recoveries. Hydrocephalus 
may occur as a complication. 
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CASE HISTORIES 


Group I 
Surgical treatment was used in Cases | to 6. 


Case 1.—C.G., a woman aged 56, who had suffered 
rom migraine all her life, experienced a sudden backache 
fter which she became stiff and her eyes turned inwards. 
yn coming round she complained of pain in the neck and 
ight ear. She then vomited and developed neck stiffness 
o she was thought at first to have meningitis. 

Neurological Examination.—The patient just responded 
o her name and painful stimuli. Neck rigidity was 

well marked. The right corneal reflex was diminished 
and both plantar responses were extensor. 

The cerebrospinal fluid pressure was 250 mm., and the 
fluid was heavily bloodstained. A right carotid angiogram 
showed no abaormality. 

Course.—Two further coma-producing bleeds occur- 
red with increased evidence of neurological damage. 
Examination in the third week showed a right sixth 
nerve paresis, hyperpathia in the first and second division 
of the right trigeminal nerve, and hypalgesia over the 
third division, deafness of the right ear, and a left upper 
motor neurone facial palsy with a left hemiparesis. 
Open right carotid and right vertebral angiograms were 
performed; the latter radiograph revealed an aneurysm 
on the right superior cerebellar artery. 

Operation (V.L.).—This was performed on the six- 
teenth* day by the transtentorialapproach. The tentorium 
was incised up to its free margin. An aneurysm | cm. in 
diameter, lying immediately medial to the fifth nerve in a 
mass of clot, was found on the right superior cerebellar 
artery. The fifth nerve had to be divided to provide 
access. The artery was clipped on either side and the 
aneurysm excised. 

Post-operative Progress.—The patient made an un- 
interrupted convalescence. Now six years later she leads 
a perfectly normal life, doing housework and shopping. 
She has never had another attack of migraine. Residual 
signs are those of right fifth nerve anaesthesia and slight 
contracture of the facial muscles on the same side. 

The cessation of attacks of “‘migraine’’ suggest 
that the pain resulted from compression of the 
trigeminal nerve by the aneurysm. The intense 
pain in the right ear might be the result of dis- 
turbance of the nervus spinosus. This patient was 
the first in the series and vertebral angiography was 
performed late. The course shows the capacity for 
a patient to survive repeated haemorrhage around 
the brain-stem with recovery from a crossed hemi- 
paresis. Animportant factor seems to be the absence 
of arteriosclerosis so that disturbances of the 
basilar circulation do not result in infarction of the 
pons. 





*Time interval between most recent haemorrhage and operation. 


Case 2.—-C.C., a woman aged 49, suddenly developed 
stiffness of the neck and back. She felt ill and so went 
into her neighbour’s house where she vomited and com- 
plained of severe headache. Initially the pain was 
suboccipital in position but later spread forwards and 
became generalized. 


Neurological Examination.—The next day she was 
confused, with neck rigidity, dilated pupils, and increased 
tendon jerks. The cerebrospinal fluid was at a pressure of 
200 mm. and was bloodstained. On admission to Maida 
Vale Hospital the pupils were widely dilated and re- 
sponded poorly to light and accommodation. There was a 
slight spastic weakness of the left arm, and a generalized 
increase of the tendon jerks, maximal in the left arm. The 
left plantar response was flexor, but the right was 
extensor; the signs therefore suggested a bilateral lesion. 

The electroencephalogram showed periodic synchro- 
nous outbursts of high-voltage slow activity, less in 
amplitude on the right side, suggesting anterior dience- 
phalic compression. 

Angiography.—Bilateral carotid angiography was 
negative. Right vertebral angiography showed spasm 
with no intracranial filling. Left vertebral angiography 
revealed a small saccular aneurysm at the upper end of 
the basilar artery giving rise to both superior cerebellar 
and pcesterior cerebral arteries. 


Operation.—Operation (V.L.) on the fifteenth day by 
the subtemporal route confirmed that the aneurysm was 
situated exactly as the arteriogram had suggested. The 
sac was lying medial to the origin of the third nerve. 
Owing to the possibility of widespread ischaemia if the 
aneurysm was clipped across its base, it was packed 
around with muscle. 


Post-operative Progress.—The patient had an unevent- 
ful convalescence and was leading a normal life without 
residual signs one year after the operation. 


This procedure, although not radical, has been 
effective in preventing recurrence of the haemorrhage 
for the past 18 months. 


Case 3.—J.R., a man aged 35, a motor mechanic, had 
experienced a right-sided posteriorly situated headache 
for four weeks. When driving his van objects suddenly 
looked out of focus, he felt cold, sick, and weak in the 
legs. He was unable to drive so stopped and opened the 
windscreen. He proceeded for another quarter of a 
mile when he was overcome by severe right-sided head- 
ache with vomiting but did not lose consciousness. 

Neurological Examination.—There was neck rigidity, 
the right pupil at first was larger than the left, but the 
next day both pupils became contracted. The cere- 
brospinal fluid was at a pressure of 250 mm. and was 
bloodstained. 

The electroencephalogram (E.E.G.) was of rather low 
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voltage, and the alpha rhythm was poorly developed. 
Periodic slow activity occurred in both occipital regions 
suggesting an occipital abnormality, possibly related to 
an aneurysm. 

Course.—Bilateral carotid angiography was negative 
in the first week. Two further bleeds occurred subse- 
quently, the second resulting in loss of consciousness for 
a few minutes with frothing at the mouth. On recovery 
he complained of an increase in headache and neck 
stiffness. Lumbar puncture showed an increase in 
pressure and fresh blood in the cerebrospinal fluid. A 
repeat left carotid angiogram 12 hours later was negative 
and a right vertebral angiogram showed poor filling of 
the basilar artery. Left vertebral angiography was then 
proceeded with and demonstrated an aneurysm arising 
from the posterior inferior cerebellar artery just above the 
posterior margin of the foramen magnum in the midline. 

While still under the anaesthetic after angiography his 
respiration became stertorous and infrequent, so an 
endotracheal tube was passed. The respiratory rate 
went down to 8 per minute, the pupils were contracted 
but remained active, and the plantar responses became 
extensor in character. On stimulation of the supraorbital 
nerves there was free movement of the limbs, the patient 

ecame loquacious and said he felt fine. He made a 
rapid recovery from the anaesthetic, and the cerebro- 
vascular spasm appeared to have passed off, but a further 
bleed occurred in the night. 


Operation.—Operation was performed (V.L.) on the 
second day using a midline incision. 

A bilocular aneurysm measuring 15 * 7 mm. was found 
arising from the left posterior inferior cerebellar artery 
lying between the cerebellar tonsils. The sac was mobilized 
and ligated, leaving a small vestibule joining the entry and 
exit vessels so as to avoid occluding them. The artery 
was such a large one that it was considered unwise to 
excise the segment of vessel bearing the aneurysm. 


Post-operative Progress.—The patient developed de- 
mentia and ataxia due to a high pressure communicating 
hydrocephalus with a block at the tentorium and ven- 
tricular dilatation demonstrated by ventriculography. 
The condition was treated by anterior ventriculostomy. 

One year later, his intellect and personality were said 
to be normal, the only abnormal signs being nystagmoid 
jerks and a little difficulty in balancing on one leg. He 
returned to light work with his original firm. 


Pain in the head on the opposite side to the 
aneurysm proved a false localizing sign in this 
patient’s case. 


Case 4.—C.H., a woman aged 50, many years ago 
suffered an attack of left trigeminal neuralgia. She also 
had experienced two episodes of severe vertigo and 
headache, 18 and 12 months before the present illness. 
The first symptom was the sudden onset of weakness 
during a dancing lesson, so that she “flopped” to the 
ground and then developed occipital headache. She 
managed to get off the floor, and sit down on a chair but 
then lost consciousness for about two hours. On 
recovery she was aware of a sense of rotation and could 
not see anything although she realized that people were 
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round her. She had a hazy memory of the rest of ti e 
night. At 6 a.m. she had to be dragged across the floc ”, 
and was helped into a car to take her home, where <n 
arrival she was given an injection for migraine. 

On admission to the local hospital the same day, siie 
was complaining of severe headache, photophobia, aid 
left sciatic pain. 

Neurological Examination.—She showed neck stiffness, 
a contracted right pupil but minimal nystagmus on lateral 
deviation to the right. There was impaired vibration 
sense in the left leg and the left plantar response was 
extensor. Lumbar puncture showed a bloodstained fluid, 
but the pressure was not available. 


Course.—After transfer to Maida Vale Hospital on 
the eighth day of illness there was slight neck stiffness. 
The cranial nerves were normal. Repetitive movements 
of the left hand and left leg were impaired, with ataxia 
in the heel-shin test. There was impaired vibration 
sense at the left internal malleolus, and some diminished 
appreciation of temperature in the right foot. The left 
plantar response was a weak extensor. 

The electroencephalogram showed bursts of mixed 
theta and slow activity often bilateral, but always more 
marked on the left, and focal about the central regions. 

Bilateral carotid angiography was normal. A right 
vertebral angiogram showed an irregularity of the right 
vertebral artery, suggestive of atheromatous involve- 
ment between atlas and axis. Left vertebral angiography 
revealed a saccular aneurysm about the origin of the 
posterior inferior cerebellar artery. 

After angiography a right Horner’s syndrome re- 
appeared. The reflexes were reduced; the left plantar was 
a doubtful extensor. Later a slow nystagmus developed 
on lateral deviation to the left. 


Operation.—Operation was performed (V.L.) on the 
nineteenth day under hypothermia, the patient in the 
sitting position. 

Thick bands of arachnoid were found binding the 
ninth, tenth, and eleventh nerves to the seventh and 
eighth on the left side. A bilocular aneurysm indenting 
the pons arose by a neck from the left vertebral artery in 
juxtaposition to the posterior inferior cerebellar artery. 
The neck of the sac was occluded by a large clip leaving 
the posterior inferior cerebellar artery intact. 

Post-operative Progress.—Angiography showed the clip 
in position. By 10 weeks after operation the patient was 
able to do her own housework and drive a car. Her only 
disability was some weakness in the left sternomastoid 
and trapezius muscles due to a spinal accessory paresis, 
which subsequently cleared up. 


Case 5.—M.K., a woman aged 47, had suffered from 
frontal headaches all her life, usually associated with the 
monthly periods. Four days before admission she 
wakened with an unusually severe frontal headache. 
The following day she experienced a “‘cold ache” at the 
back of the right ear. Later the same day she felt dizzy, 
and became unconscious with stertorous respiration and 
jerking of the arms. On recovery of consciousness in 
hour later she complained of severe headache and pins 
and needles in both legs. 
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Neurological Examination.—There was marked neck 

idity. Severe subhyaloid haemorrhages were present 

both fundi, with a bilateral central field defect and 
- juction of visual acuity to counting fingers. There 

s bilateral ptosis. The tendon reflexes were increased, 

wre on the right side, the right plantar response was 

tensor, the left was equivocal. The cerebrospinal fluid 
» essure was 140 mm. and the fluid was heavily blood- 
iined. 

The electroencephalogram (E.E.G.) was abnormal. 

ie record showed no alpha activity. The most pro- 
yinent feature was periodic runs of slow-wave activity 

edominantly frontal and very often focal in the left 
terior temporal region. 

Course.—Bilateral carotid angiography showed no 
bnormality. After a transient improvement for two 
days she suddenly had a generalized convulsion with 
stertorous, bubbly respiration, followed by a left hemi- 
plegia, maximal in the leg. Some improvement in the 
hemiplegia took place followed by a further generalized 
convulsion. Both of these fits were associated with the 
presence of fresh blood in the cerebrospinal fluid. Right 
vertebral angiography revealed an aneurysm of the right 
vertebral artery. 

Operation.—At operation 12 hours afterwards (V.L.) a 
saccular aneurysm 15 x 8 mm. was found on the right 
vertebral artery immediately after its entry into the 
cranial cavity. The proximal portion of the vertebral 
artery was occluded by a single tantalum clip. 

Post-operative Course.—The patient developed a 
bulbar palsy following operation, probably due to 
ischaemia, which required tracheotomy. She made a 
slow recovery but nine months after operation she was 
able to do housework. 

Residual signs consisted of wasting of the right side 
of the tongue, a right Horner’s syndrome, and slightly 
increased jerks on the left side with ataxia of gait. The 
visual acuity of the left eye improved to J 18; the visual 
acuity of the right eye was counting fingers. 


Case 6.—P.McM., a man 55, had a mild headache for 
four days which then suddenly became much worse. He 
vomited, was unable to use his legs, and gradually became 
semi-comatose. 

Neurological Examination.—He could be aroused by 
verbal stimuli. Neck stiffness was minimal. The pupils 
were small but reacted to light, there was a left external 
rectus paresis. Movement was present in the limbs, and 
also a response to painful stimuli. Tone and tendon 
reflexes were increased in the left upper limb. The 
cerebrospinal fluid pressure was 150 mm., with a blood- 
stained fluid. Bilateral carotid angiograms were negative. 
A left vertebral angiogram showed an aneurysm on the 
left vertebral artery, and spasm of the basilar artery. 

Operation.—At operation on the tenth day (V.L.) an 
‘tensive subdural haematoma was evacuated, and the 
ineurysm was found arising as a saccular dilatation of 

ie left vertebral artery, immediately afteritsentry into the 

ull. The distal portion of the vertebral and the posterior 

iferior cerebellar artery arose from its apex. The 
\ertebral artery was completely occluded with a clip 
} roximal to the sac. 
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Post-operative Course.—The day after operation he 
became stuporose, and developed a more marked left 
hemiparesis and dysphagia. A tracheotomy was required 
for the chest infection. He then made a steady recovery 
in spite of marked ataxia of gait which ultimately cleared 
up. 

Left vertebral angiography showed good filling of the 
vertebral artery up to about | cm. proximal to the clip. 
No filling of the aneurysm was obtained. 

Fifteen months after operation residual signs consisted 
of a fine horizontal nystagmus, with reduction of appreci- 
ation of pain, temperature, and touch in the right leg 
below the knee, and reduction of joint sense in the toes. 
He was working full time on light work. 


Group II 


No surgical treatment was carried out in Cases 
7 to 12. 


Case 7.—D.S., a woman aged 53, had suffered from 
headaches all her life, which during the last six years 
had been severe and stabbing in character, situated on 
the left side of the head. Ten years ago she had a loss of 
consciousness, and three years ago a proven subarachnoid 
haemorrhage. 

She was found by her husband looking pale, and 
hanging on the sink to support herself. Later she 
developed severe occipital headaches and vomited. 

Neurological Examination.—She was drowsy but co- 
operative. The fundi showed early papilloedema, the 
pupils were contracted, and she had a slight left spastic 
hemiparesis with bilateral extensor plantar responses. 
There was moderate neck stiffness. The cerebrospinal 
fluid was at 140 mm. pressure and was heavily blood- 
stained. Two hours later she suddenly collapsed, and 
became comatose. The cerebrospinal fluid pressure was 
200 mm., and it contained an increase of blood. 

Course.—She improved overnight but her breathing 
became stertorous and her chest “bubbly”. The right 
arm then seemed more severely affected. Tone in all 
limbs was flaccid, with reduced tendon reflexes, the 
right more than the left. Both plantar responses were 
extensor. Bilateral carotid angiography showed gross 
atheromatous change, and possibly a small sac on the 
right internal carotid in the cavernous sinus. The left 
internal carotid artery was atheromatous in the same 
situation. Both anterior cerebral arteries were wide- 
swept, indicating the presence of internal hydrocephalus. 

If anything, her level of consciousness lightened but 
in spite of antibiotic treatment she died of a chest 
infection on the third day of illness, before vertebral 
angiography had been carried out. 

Necropsy.—The lateral ventricles (Fig. 3) were moder- 
ately dilated. The pons was very full with fresh blood 
over its surface and over the middle peduncles; the lateral 
recesses and cisterna magna were free from blood. The 
basilar artery was markedly atheromatous and showed a 
saccular aneurysm 5 mm. in diameter on the left side 
between the posterior cerebral and superior cerebellar 
arteries (Fig. 4). Section at the level of the mid pons 
showed an area of infarction on the right antero-lateral 
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aspect. On the left side there was a similar area of 
infarction on the lateral aspect. Blood was present in 
the fourth ventricle and there was haemorrhage into a 
small infarcted area in the postero-lateral part of the 
pons on the left side. On the right there was no involve- 
ment of the cerebellum, but on the left side there was an 
area of infarction anteriorly, and another posteriorly, 
with blood in the sulci. Lower down in the pons at the 
level of the nodule there was another extensive infarct on 
the right side (Fig. 2). 

Infarction of the pons due to atheroma of the 
basilar artery was probably the important factor in 
this patient’s respiratory infection and death, and it 
is doubtful whether immediate vertebral angiog- 
raphy would have affected the treatment. 


Case 8.—G.S., a woman aged 34, developed severe 
headache and became unconscious. The cerebrospinal 
fluid was at a pressure of 200 mm., and heavily blood- 
stained. She recovered on the journey in the ambulance 
during transfer from the local hospital 12 hours after the 
haemorrhage. 

Neurological Examination.—She was alert and co- 
operative. The right fundus was not seen due to 
haemorrhage, the left showed papilloedema. The 
tendon jerks were increased in the left limbs. 

Course.—Bilateral carotid angiography was negative. 
Two days later the left eye became blind. A further 
haemorrhage occurred resulting in coma, inactive pupils, 
and twitching of the right arm. She recovered con- 
sciousness in 15 minutes, and showed a slight right facial 
palsy. Bilateral carotid angiography was again negative. 
She died on the sixth day after the haemorrhage. 

At necropsy an aneurysm of the basilar artery was 
found situated between the anterior inferior and 
superior cerebellar arteries. 


Case 9.—V.S., a woman aged 52, was found uncon- 
scious. 

Neurological Examination—Response to painful 
stimuli was just present. The pupils were fixed and 
unequal, the right larger than the left. There was a 
flaccid quadriplegia with absent jerks. The right plantar 
response was flexor, the left was equivocal. The cerebro- 
spinal fluid was bloodstained. 

Course.—Bilateral carotid angiography was normal. 

Death occurred 10 hours after admission. 

Necropsy.—A large aneurysm was situated at the mid- 
part of the basilar artery with a large amount of clot 
extending to the foramen magnum. 


Case 10.—R.R., a man aged 43, was heard by his wife 
to make a noise. She found him unconscious with his 
tongue protruding and his arms waving about. He 
recovered consciousness in half an hour, but was drowsy, 
irritable, and complained of frontal and occipital head- 
ache, and vomited. 

Neurological Examination.—This showed neck rigidity 
and weakness of the right face and grip. 

Course.—The cerebrospinal fluid was at a pressure of 
300 mm., and bloodstained. After a further haemorrhage 
he developed bilateral papilloedema, weakness of the 
right leg, and bilateral extensor plantar responses. 


HELEN DIMSDALE AND VALENTINE LOGUE 


Bilateral carotid angiography on two occasions show | 
no abnormality. A left vertebral artery suggested en 
aneurysmal dilatation at the bifurcation of the basil: r 
artery, with a possible haematoma displacing the rig)t 
superior cerebellar artery. 

He died on the 26th day and at necropsy the hac- 
morrhage was thought to be due to a small aneurysm at 
the junction of the right vertebral and basilar arteries. 


Case 11.—E.J., a woman aged 68, had complained of 
headaches for seven years. She suddenly lost conscious- 
ness for 12 hours in one severe attack. On recovery she 
was drowsy, with occipital headache and neck stiffness. 


Neurological Examination.—Three days later the 
patient was alert and cooperative but slightly confused. 
There were subhyaloid haemorrhages in the right fundus, 
the pupils were contracted and there were bi- 
lateral external rectus palsies. She had a right upper 
motor neurone facial weakness, and a left perceptive 
deafness. The blood pressure was 145/70 mm. Hg. There 
was massive albuminuria. The cerebrospinal fluid was 
uniformly bloodstained. 


Course.—Bilateral carotid angiography and _ right 
vertebral angiography were negative. A left vertebral 
angiogram showed a small aneurysm of the left posterior 
inferior cerebellar artery. Three days later a right hemi- 
paresis developed. Ventriculography was suggestive of a 
slight increase in the size of the ventricles. She ultimately 
made a good spontaneous recovery. 


Case 12.—J.D., a man aged 62, suddenly developed 
weakness of the left leg, followed by severe frontal and 
occipital headache. He vomited on several occasions, 
but did not lose consciousness. The right leg then 
became affected. 

He was treated at home for two days and power 
recovered in both legs, but he complained of headache 
and was drowsy. 


Neurological Examination.—Neck rigidity was present. 
The ocular signs consisted of retinal haemorrhages, loss 
of the nasal field left eye, contracted pupils, and a left 
sixth nerve palsy. He moved the right limbs more readily 
than the left. Blood pressure was 200/140 mm. Hg. The 
heart was enlarged to the left. The cerebrospinal fluid 
pressure was 240 mm., and the fluid heavily bloodstained. 


Course.—Bilateral carotid angiography was suggestive 
of a possible aneurysm on the left posterior communi- 
cating artery. His condition deteriorated, and on tapping 
blood was found in both ventricles. He died on the 
seventh day. 


Necropsy.—The brain and brain-stem were oedema- 
tous, the latter on the right side. A large haemorrhage 
was found in the right cerebellar hemisphere due to an 
aneurysm of the right posterior inferior cerebellar artery 
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THE ASSOCIATION OF CEREBRAL ANGIOMAS WITH 
INTRACRANIAL ANEURYSMS 


BY 


J. S. BOYD-WILSON 


From the X-ray Department, Wellington Hospital, New Zealand 


The symptoms separately associated with both 
intracranial aneurysms and angiomas are well under- 
stood and their diagnosis now presents no special 
problem. Rarely the two lesions may coexist, some- 
times with confused symptoms, or, when intracranial 
haemorrhage is the presenting symptom, with the 
precise source of haemorrhage in doubt. Walsh and 
King (1942) recorded the first case of an associated 
angioma and aneurysm, since when 13 further 
examples have appeared in the literature. 

In this paper three new cases are reported and the 
previous literature reviewed; a distinction is made 
between a true arterial aneurysm coexisting with an 
angioma, and the aneurysmal sac which is part of 
the malformation itself. Cases in the latter category 
are excluded. Suggestions are made as to the nature 
of the association of the two lesions, and the clinical 
significance of their association described. Case 1, 
which presented with subarachnoid haemorrhage, is 
of special interest because arteriography clearly 
demonstrated which lesion had bled. 


Case Reports 
Case 1.—A married woman, aged 38, was admitted 
to the Hutt Hospital on September 6, 1957, under the 


care of Dr. R. Bakewell. Since the age of 12 she had had 
occasional left frontal headaches, usually on waking. 
On the morning of her admission she awoke with a 
headache which she took at first to be the usual migraine 
attack; on this occasion, however, the headache was 
occipital rather than above her left eye and her neck 
was stiff. The patient took some aspirin and left home 
to do some shopping; while waiting her turn to be served 
she suddenly lost consciousness. 

On admission she complained of headache and neck 
stiffness but showed no localizing signs; lumbar puncture 
disclosed a heavily bioodstained fluid. Gradually 
headache became less severe and on the twelfth day 
bilateral carotid arteriography was performed. On the 
right side an aneurysm measuring 1-8 cm. in diameter 
was present on the pericallosal artery, the calibre of 
which, for | cm. proximal to the aneurysm, was reduced 
(Fig. la). The pericallosal artery was displaced | cm. 
to the left of the mid-line. In the left posterior parietal 
region an angioma was present, supplied by the left 
anterior and middle cerebral arteries (Fig. 1b). 

The apparent spasm of the parent pericallosal vessel 
suggested that the source of haemorrhage was _ the 
aneurysm rather than the angioma; the patient was 
transferred to the Neurosurgical Unit, Dunedin Hospital, 
where at operation on September 26 a small intracerebral 
haemorrhage was found in the vicinity of the aneurysm 


Fic. la and b.—Case 1: Bilateral carotid arteriograms showing an aneurysm 1-‘8 cm. in diameter on the right pericallosal artery anc a 


medium-sized angioma in the left posterior parietal region. 
is markedly reduced. 


The calibre of the pericallosal artery for | cm. proximal to the aneury:'n 
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Fic. 2.—Case 2: A small angioma at the anterior extremity of the 
right frontal lobe with an arterial aneurysm on its feeding 
vessel. 


and in turn communicated with a subdural haematoma. 
Both left and right anterior cerebral arteries were clipped 
and the subdural haematoma evacuated. 


Case 2.—A man of 49, a scrub-cutter, was at work 
when he suffered sudden bifrontal headache; he fell to 
his knees but did not lose consciousness. Almost 
immediately he noticed neck stiffness but after a short 
interval was able to walk the three miles out of the bush. 
He was admitted that day, November 26, 1951, to the 
Wanganui Hospital under the care of Dr. C. P. Powles. 

On admission the diagnosis was established by finding 
heavily bloodstained fluid on lumbar puncture; there 
were no localizing signs. His headache gradually abated 
and he was free of symptoms when on December 13 he 
was transferred to the Palmerston North Hospital for 
further investigation. A right carotid arteriogram on 
December 20 showed an aneurysm, 7 mm. in diameter, 
on the fronto-polar branch of the right anterior cerebral 
artery; distal to the aneurysm the dilated fronto-polar 
artery continued to the anterior extremity of the frontal 
lobe to supply a small angioma (Fig. 2). Arteriography 
was not performed on the left side. The right common 
carotid artery was partially ligated on December 24 
and ligation was completed three days later without 
incident. He was discharged home on December 31. 

On February 19, 1952, the patient was admitted to the 
Neurosurgical Unit, Dunedin Hospital, and a right 
frontal craniotomy performed eight days later: the 
aneurysm was trapped and that part of the right frontal 
lobe containing the angioma excised. 


Case 3.—A 49-year-old housewife was admitted to 
the Auckland Hospital under the care of. Dr. E. G. 
ayers on December 10, 1957, for the investigation of 
ttacks of paraesthesiae and shaking in the left hand of 
0 years’ duration. Each attack began with a feeling of 
ingling in the left fingers, shortly followed by a twitching 
novement of flexion of the fingers and sometimes by 


Fic. 3.—Case 3: A large angioma in the right upper parietal region, 
fed by markedly dilated and tortuous middle cerebral vessels; 
from the internal carotid artery in the region of the posterior 
communicating artery, a small aneurysm projects downward 
and backward. 


blurring of vision; these symptoms lasted five to 10 
minutes and for many years were followed by severe 
headache and vomiting. During the preceding two years 
she noticed a slowly progressive weakness and clumsiness 
of the left hand, although during this period the headache 
following each attack was less prominent. There was 
no family history of migraine. 

On examination, a loud bruit was audible in both 
orbits and the right parietal region; apart from this the 
relevant physical findings were confined to the left arm. 
The left hand was noticeably smaller than the right, and 
there was a slight to moderate degree of generalized 
weakness of the extensor muscle groups and of the hand 
grip; the tendon reflexes in the left arm were brisker than 
those on the right side. : 

All laboratory investigations, including examination 
of the cerebrospinal fluid, were normal. An electro- 
encephalogram showed a slightly asymmetrical voltage 
on the two sides with an otherwise normal background 
rhythm, the voltage on the right side being slightly less 
than that on the left. 

No abnormality was present in the plain films of the 
skull. A right carotid arteriogram showed a large 
angioma in the right parietal region receiving its main 
blood supply from a markedly dilated middle cerebral 
artery; the internal carotid artery was also dilated. The 
anterior cerebral artery did not fill. At the junction of 
the internal carotid and posterior communicating arteries, 
a small aneurysm, measuring 3 mm. in diameter, was 
present (Fig. 3). 

The patient was treated conservatively. 


Review of Reported Cases 
Thirteen case reports of a cerebral angioma 
associated with one or more intracranial aneurysms 
have been found in the literature. Some reports 
were necessarily brief and the clinical or pathological 
details incomplete; in these, further information 
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has been supplied by the original authors and is 
included in the following descriptions. 

Walsh and King (1942) reported the first example 
of an associated aneurysm and angioma. Their 
patient, a Negro of 50, presented with intracranial 
haemorrhage. For four years previously he had 
suffered from intermittent right frontal headache 
and, from the first attack, a partial right third-nerve 
palsy. A clinical diagnosis of an aneurysm on the 
right side of the circle of Willis was made and at 
operation a large right supraclinoid aneurysm was 
found; it was, however, unruptured. The patient 
died several days later and at necropsy a left occipital 
angioma was revealed as the source of haemorrhage; 
a further small unruptured supraclinoid aneurysm 
was noted on the left side. Dandy (1944) later 
described the same case. 

Arieti and Gray (1944) reported a further case, 
a man of 59 with a long history of epilepsy, disorderly 
behaviour, dypsomaniac attacks, and progressive 
mental deterioration. Necropsy revealed a left 
parietal angioma and a large left supraclinoid 
carotid aneurysm; in addition there were diffuse 
changes involving the subarachnoid vessels, similar 
to those in the angioma itself. Another aneurysm 
was present on the abdominal aorta. 

Aring (1945) described the case of a woman of 30 
who, when a child, began to have occasional minor 
fits and developed a left hemiparesis. She finally 


presented with multiple cranial nerve palsies and 
symptoms suggesting subarachnoid haemorrhage, 


dying four weeks after the onset. At necropsy an 
angioma occupied almost the whole of the right 
cerebral hemisphere; there were also unruptured 
aneurysms on the left posterior communicating, 
basilar, and anterior communicating arteries. A\l- 
though on the fifth day the cerebrospinal fluid was 
grossly bloodstained, there was no evidence of 
intracranial haemorrhage post mortem. It may be 
presumed that the angioma was the source of 
haemorrhage. 

Sugar (1951) successfully removed at operation 
both a large aneurysm and an angioma closely 
related to it but gave no details. 

Laur (1953) reported in detail the history of a boy 
of 15 who initially presented with a right proptosis; 
a bruit was then audible over the whole of the left 
side of the skull. He shortly developed pulsating 
exophthalmos, frequent headache, and epilepsy. 
Arteriography disclosed a large left cerebral hemi- 
sphere angioma fed by an anomalous vertebral 
artery; on the right side a saccular aneurysm was 
present in the cavernous sinus, and two further 
aneurysms in the region of the anterior communicat- 
ing artery also filled from this side. He was treated 
conservatively. 


J. S. BOY D-WILSON 


Hutton (1954) reported the next case, that of a 
man of 62, who, after a typical subarachnc d 
haemorrhage, was found on arteriography to have a 
left frontal angioma and an anterior communicati: g 
aneurysm which filled from the right side; the coi 1- 
ment was made that in view of the impossibility >f 
deciding which of the two lesions had bled, surgical 
treatment was considered inadvisable. 

Walton (1956, 1958) described the case of a min 
of 48 who suffered a catastrophic subarachnoid 
haemorrhage. On admission to hospital within a 
few hours of the ictus he was deeply comatose with 
severe neck stiffness but no neurological signs; he. 
deteriorated rapidly and died within 24 hours. At 
necropsy there was massive intraventricular and 
subarachnoid bleeding; a small angioma, 2 cm. in 
diameter, was found close to the wall of the posterior 
horn of the right lateral ventricle. There was also 
an unruptured aneurysm, | cm. in diameter, on the 
left posterior cerebral artery. 

Paterson and McKissock (1956, 1958) described 
three cases. Their first was a man of 36 with a 
history of fits during the previous year; he showed 
no neurological signs. Arteriography demonstrated 
a large angioma at the left Sylvian point with 
multiple small aneurysms on the left anterior and 
middle cerebral.arteries. He subsequently died from 
intracranial haemorrhage; no necropsy was per- 
formed. 

Their second patient was a woman of 40 with a 
history of subarachnoid haemorrhage on three pre- 
vious occasions. Arteriography disclosed a large 
right parietal angioma and two aneurysms on the 
dilated right internal carotid artery. She was 
treated conservatively and, three years later, 
remained well. 

The third patient, a man of 54, died from a 
ruptured aneurysm found at necropsy to be situated 
on the right posterior inferior cerebellar artery 
1-5 cm. from its origin; he also had had an episode 
of intracranial haemorrhage one year previously. 
An angioma was present in the left cerebellar 
hemisphere. Paterson (1957) described the same 
case. 

Kremer (1957, 1958) reported two cases. The 
first was a woman, aged 48, with a history of episodic 
right-sided headache and left-sided sensory epileptic 
attacks since the age of 17; there was a further 
history of subarachnoid haemorrhage six weeks 
before admission. A loud bruit was heard over the 
scalp, especially to the right of the mid-line where 
there was a small cirsoid aneurysm, and a left 
homonymous hemianopic field defect was present 
with sensory impairment over the left side of the 
body. A right carotid arteriogram performed four 
years previously had revealed a large right parietal 
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- wioma, and a left carotid arteriogram six weeks 
_efore admission had shown that the angioma 
. «tended across the mid-line. Following admission 
vertebral arteriogram was performed and _ the 
igioma was seen to involve as well the territory of 
ie right posterior cerebral artery. An aneurysm 
as present at the bifurcation of the basilar artery. 
The second case was a man, aged 27, with a 
istory of three generalized epileptic attacks at the 
ze of 21 and two further attacks five years later. 
or two years he complained of left-sided headache 
wad was finally admitted with a typical subarachnoid 
haemorrhage. Bilateral carotid arteriography 
saowed an angioma at the left frontal pole fed by 
both internal carotid arteries, and an aneurysm on 
the anterior communicating artery which mainly 
filled from the right side. The angioma was success- 
fully excised and the neck of the aneurysm clipped. 
Brihaye and Blackwood (1957) made a detailed 
anatomical study of a large angioma in the right 
hemisphere of a man of 53 who, since early child- 
hood, had suffered attacks of twitching of the left 
limbs sometimes followed by loss of consciousness. 
The diagnosis was finally established by arterio- 
graphy following an episode of intracranial 
haemorrhage. At necropsy the angioma was seen 


to be fed mainly by dilated right anterior and 
middle cerebral arteries; on the supraclinoid portion 


of the right internal carotid artery, which was also 
dilated, were two small thin-walled saccular 
aneurysms. A further small aneurysm arose from 
the supraclinoid portion of the left internal carotid 
artery which was itself of normal calibre, and another 
aneurysm was present in the region of its bifurcation. 
On the posterior aspect of the basilar bifurcation 
two more aneurysms were present: it was one of 
these which had ruptured. 


Discussion 

What is the nature of this association of cerebral 
angiomas with intracranial aneurysms? If it be 
accepted that cerebral angiomas are congenital 
vascular malformations, and that intracranial 
aneurysms at least develop on the basis of a con- 
genital vascular deficiency, then the association of 
the two lesions may be an expression of multiple 
disorders of vascular development. Under such 
circumstances patients with angiomas might be 
expected to show a higher incidence of aneurysms 
than an unselected sample of the population: this, 
however, does not appear to be the case. Of several 
large series of cerebral angiomas, only one, that of 
Paterson and McKissock (1956), described coexisting 
“neurysms; and in only three of their 110 patients 
vith cerebral angiomas were aneurysms demon- 
‘rated. There are, nevertheless, two previously 


reported cases (Arieti and Gray, 1944; Laur, 1953) in 
which multiple congenital abnormalities were clearly 
present; Arieti and Gray used the term “pro- 
gressive multiform angiosis” to describe the findings 
in their case which is, however, probably unique. 

Paterson and McKissock (1956) suggested one 
further explanation of the association of the two 
lesions: that the increased blood flow consequent 
upon the presence of the angioma might throw 
abnormal stresses on the cerebral vessels concerned 
and so predispose to aneurysm formation. The 
prime haemodynamic effect of any arteriovenous 
shunt is to lower vascular resistance, and angiomas 
are no exception to this rule; according to Poiseuille’s 
law the flow rate through the feeding vessel increases, 
often in practice to as much as three times the normal 
value. If there is any compensatory increase in 
cardiac output there will be a further increase in 
flow rate not only through the angioma itself but 
also through the whole of the brain; this increment 
amounted to approximately 30° in the two cases 
reported by Shenkin, Spitz, Grant, and Kety (1948). 
It is difficult to believe, however, that increased 
flow rate per se can predispose to the formation of 
saccular aneurysms: a more likely factor is the 
accompanying arterial dilatation, particularly if this 
is due to simple stretching, for this must aggravate 
any pre-existing congenital medial defect. Dible 
(1958) denied that such stretching is a factor of 
importance in the dilatation of an artery transmitting 
blood against lowered peripheral resistance; he 
suggested that the main factor is one of hyperplasia 
and hypertrophy involving the cells of the vessel 
wall. As all these changes, particularly the dilatation, 
are more pronounced on the side of the angioma, it 
might be expected that coexisting aneurysms would 
be commoner on that side; analysis of the present 
material does not, however, support this hypothesis. 
When the aneurysm is situated on the feeding vessel 
itself, as in Case 2, it is nevertheles. difficult to believe 
that the altered haemodynamics have not in some 
way predisposed to its formation. 

If the association of intracranial aneurysms with 
cerebral angiomas cannot be explained as an expres- 
sion of multiple disorders of vascular development 
or on the basis of altered haemodynamics, the most 
likely explanation is that of coincidence. There have 
been various estimates of the frequency with which 
intracranial aneurysms are discovered in necropsy 
material, the most recent being that of Chason and 
Hindman (1958) who in a planned survey of 2,786 
consecutive necropsies found 137 patients with 
congenital aneurysms, an incidence of 4.9%. This 
figure may be logically applied to patients with 
cerebral angiomas, almost 5% of whom should be 
found to harbour an intracranial aneurysm. That 
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Fic. 4.—Typical examples of spasm involving the parent vessels of aneurysms in the following classical sites: —(a) Posterior communicating 
artery; (b) anterior communicating artery; (c) middle cerebral bifurcation; (d) internal carotid bifurcation; (e) basilar bifurcation; and 
(f) spasm of the internal carotid artery without any aneurysm demonstrated. 


such an incidence has not been reported may be due 
to several factors. Thus, many supratentorial 
angiomas present with localizing signs and arteriog- 
raphy is then confined to the appropriate side; in 
few cases is vertebral arteriography as well as bilateral 
carotid arteriography performed. There are, more- 
over, certain inherent defects in the technique of 
cerebral arteriography whereby conventional antero- 
posterior and lateral views may fail to disclose very 
small aneurysms; this is probably a factor of some 
importance if the antero-posterior projection does 
not conform to certain standards (Boyd-Wilson, 
1959). 

The importance of the association of cerebral 
angiomas with intracranial aneurysms is twofold: 
the presence of both lesions may be responsible for 
confused symptoms, or, when intracranial haemor- 
rhage is the presenting symptom, the precise source 
of haemorrhage may remain in doubt. 

Analysis of the reported cases does not, however, 
suggest that confused symptoms are common; some 
such element is present in only three of the 15 cases 
in which a clinical history is available. There may 
be a history of a cranial nerve palsy due to the pre- 
sence of the aneurysm, and the patient finally present 
with haemorrhage from the angioma, as in the case 
described by Walsh and King (1942); or there may 
be a history of epilepsy due to the angioma, and the 
patient present with haemorrhage from the aneurysm 
as in the case described by Brihaye and Blackwood 


(1957). In neither case would a correct clinical 
diagnosis be possible. More suggestive is the develop- 
ment of unexpected localizing signs as in Walsh 
and King’s case, where, following a long history of 
right frontal headache and right third-nerve palsy 
due to the large supraclinoid aneurysm on the same 
side, the patient developed a right homonymous 
hemianopia: the basis for this, an angioma in the 
left occipital lobe, was revealed at necropsy. 

If surgery is contemplated in those cases which 
present with intracranial haemorrhage it is of 
importance to determine which lesion is the source 
of haemorrhage, but in no previously reported case 
was this possible. Thus Hutton (1954), describing 
his case, considered an attempt at surgical treatment 
inadvisable in view of the difficulty in deciding which 
of the two lesions had bled. Of the three cases 
reported in this paper, the first is of interest because 
arteriography clearly demonstrated the source of 
haemorrhage. In this case a segment of the perical- 
losal artery proximal to the aneurysm showed the 
arteriographic appearance of spasm; it was pre- 
sumed that the aneurysm, rather than the angioma, 
had bled and this was confirmed at operation. The 
occurrence of spasm in the region of recently 
ruptured intracranial aneurysms was well described 
by Ecker and Riemenschneider (1951) who, using 
the strict criterion of a return to normal calibre on 
subsequent arteriography, were able to show 
evidence of spasm in six out of a total of 29 cases of 
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irgically untreated subarachnoid haemorrhage. 
| their material the spasm was maximal at the site 
f the lesion and extended along the adjacent vessels 
or | cm. or more. 

Of 46 aneurysms recently demonstrated by 

rteriography in the Wellington Hospital, 36 (in 25 
atients) were associated with subarachnoid haemor- 
hage; the calibre of the parent vessel of 16 of 
hese aneurysms (in 14 patients) was reduced 
Fig. 4a to e). Of the remaining nine aneurysms 
nassociated with subarachnoid haemorrhage, there 
vas no similar appearance of the parent vessel in 
ony case. Of 14 cases of subarachnoid haemorrhage 
in which no aneurysm or other lesion was disclosed 
by meticulous arteriography, one showed constric- 
tion of the supraclinoid portion of one internal 
carotid artery (Fig. 4f), and another constriction of 
both internal carotid arteries as well as the basilar 
artery. In all cases of subarachnoid haemorrhage, 
arteriography was performed percutaneously using 
42 to 48% “urografin”, the great majority under 
local anaesthesia at the end of the first week. 

Johnson, Potter, and Reid (1958) drew attention 
to certain pitfalls in the arteriographic diagnosis of 
spasm and suggested that the radiological appear- 
ances might on occasion have a different basis: thus, 
arterial constriction due to true spasm induced by 
traction on supporting arachnoid bands, in turn due 
to distension of the subarachnoid space by blood, 
might be maintained by damage to the vascular 
wall or by the pressure of blood clot. They described 

one case where “spasm” was present at operation 
and appeared unchanged in the post-mortem 
arteriogram. In the present series, one of the 14 
patients with evidence of spasm came to necropsy 
two days after the arteriogram: all the affected 
vessels were then of normal calibre. In this case the 
arteriographic appearances were undoubtedly due 
to the presence of true spasm. 

It may be said, then, that arterial constriction is 
commonly associated with arteriographically demon- 
strated intracranial aneurysms; that it is usually the 
parent vessel which is so affected, not vessels at a 
distance from the aneurysm; that more than one 
aneurysm in the same patient may be involved; that 
the appearances are associated with ruptured and 
not unruptured aneurysms; and, occasionally, that 


similar changes may be present in cases of sub- 
arachnoid haemorrhage when no aneurysm is demon- 
strated. Whatever the real nature of this constriction 
(probably due to true spasm in the majority of cases) 
the fact remains that such a finding constitutes valid 
evidence of recent haemorrhage, and is a radiological 
sign of importance when the source of haemorrhage 
remains in doubt. 


Summary 

Three new cases of associated cerebral angioma 
and intracranial aneurysm are reported, and the 
literature reviewed. Suggestions are made as to the 
nature Gf this association, the clinical significance 
of which is seen more particularly in cases which 
present with intracranial haemorrhage, the origin 
of which may be obscure. In one of the cases 
reported apparent spasm of the parent vessel 
suggested that the aneurysm, rather than the 
angioma, was the source of haemorrhage and this 
proved to be the case at operation. Such narrow- 
ing of the parent vessel is shown to be a radiological 
sign of importance when arteriography discloses 
more than one lesion as a possible source of 
haemorrhage. 


Acknowledgement is made to Dr. Stephen Moor and 
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Aneurysms occasionally develop from the great 
cerebral vein as a result of congenital arteriovenous 
fistulae. In a recent review Hirano and Terry (1958) 
referred to 18 cases, nine of which were confirmed 
at necropsy. The example of this rare condition 
reported here presented as a case of hydrocephalus 
showing certain noteworthy features. The condition 
responded well to surgical treatment, but the patient 
died after a fall. The connexions of the aneurysm 
were defined at necropsy. 


Case Report 

A baby girl of 6 months was brought for neuro- 
surgical consultation because of obvious hydrocephalus 
in February, 1954. The pregnancy and delivery and the 
early development of the infant had been normal, and 
five weeks before she was examined she had been able to 
sit up almost unaided. At the time her balance had 
become impaired and she no longer raised her head 
spontaneously. The skull was seen to be expanded and 
superficial scalp veins were prominent. The skull cir- 
cumference was 51-5 cm.; the fontanelle was half closed 
but tense. Eye movements and pupillary reactions were 
normal; no other abnormalities were detected. In radio- 
graphs of the skull, opening of sutures and finger mark- 


ings of the vault were seen but there was no evidence of 


the cause of the increased pressure. The transverse 
sinuses were in their normal position and the posterior 
fossa was not unduly shallow. At ventriculography, the 
intracranial pressure was high and an obstruction of the 
aqueduct was demonstrated, but not with the flask- 
shaped outline usually found in aqueduct stenosis. The 
obstruction (Fig. 1) began 2 cm. below the third ventricle 
and increased caudally giving rise to a “rat tail’? shadow. 
The aqueduct was displaced forwards and downwards 
suggesting a space-occupying lesion behind the pineal. 
To define this further, air was subsequently introduced 
by the lumbar route after the ventricular pressure had 
been lowered. The radiological appearances then were 
surprising (Fig. 2). All the subarachnoid cisterns were 
greatly dilated, particularly the cisterna ambiens. The 
sulci of the cerebral convexities were considerably 
enlarged up to the midline. These findings were inter- 
preted to indicate defective absorption of fluid at the 
sagittal sinus as the primary cause of the hydrocephalus. 


It was thought that the resultant rise in fluid pressure in 
the subarachnoid space had caused dilatation of the 
cisterns to such a degree that the cisterna ambiens had 


obstructed the aqueduct and so produced a type of 


hydrocephalus which was at least intermittently non- 
communicating. To reverse this sequence an anasto- 
mosis between the spinal theca and the peritoneal cavity 
was made with polythene tubing on February 25, 1954. 
The immediate result was highly satisfactory: skull 
expansion ceased, the scalp veins became less distended, 
and normal development was resumed. 

At the age of 1 year the child could stand with support; 
the skull circumference had increased by only 2 cm. At 
18 months she could stand unaided; the fontanelles were 
closed. She had a normal vocabulary and the mother 
thought her intelligence was normal. At 2 years she could 
walk, but her vocabulary seemed a little behind her 
calendar age. At 3 years she appeared to be developing 
normally. The skull circumference was 56:5 cm. The 





Fic. 1.—Ventriculography at 6 months of age. There is 
marked dilatation of the third ventricle and of the lateral 


ventricles (overlapping). The third ventricle is displaced 
upwards and forwards by the aneurysm. The aqueduct, 
initially dilated, tapers off distally. This unusual type of 
obstruction at the aqueduct has prevented air from 
entering the fourth ventricle. 
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Fic. 2.—Encephalogram after introduction of air into lumbar 
theca at 6 months of age. Radiotranslucent patches mark 
dilated subarachnoid cisterns and enlarge sulci over 
the cerebral convexity. This unusual picture indicates a 
failure of absorption of cerebrospinal fluid. 


scalp veins were still prominent but they were not dis- 
tended; abduction of the left eye was slightly impaired. 
At 44 years old she could walk and talk adequately. Her 
gait was a little unsteady at times but there were no 
localizing signs of cerebellar dysfunction. 

At 4 years and 8 months, in April, 1958, she fell while 
playing, striking and bruising the left frontal area. She 
quickly became drowsy and was admitted to hospital 
with a left hemiparesis and bilateral extensor plantar 
responses. A diagnosis of acute intracranial bleeding was 
made but bilateral exploratory burr holes did not reveal 
any haematoma; the brain was not under tension. During 
the next two days she became more alert and recovered 
the power of the left limbs. Forty-eight hours after 
admission, however, she became cyanosed and apnoeic, 
apparently as a result of acute ischaemia of the brain-stem, 
and she died within two hours. 


Post-mortem Examination 

Permission was granted for examination of the 
head only. The operation sites in the skull were in 
a satisfactory state. The skull was deformed but not 
markedly enlarged. The brain weighed 2,000 g. The 
convolutions were flattened and the brain tissue 
swollen. There was marked cerebral hydrocephalic 
deformity of the non-communicating type and the 
fourth ventricle was not enlarged; the lateral and 
medial apertures of the ventricle were patent. The 
subarachnoid cisterns were not enlarged. The brain 
was fixed entire together with the tentorium cerebelli, 
nd subsequently sectioned in the coronal plane 
Fig. 3). The ventricular system was obstructed at 
he aqueduct. The obstruction was caused by an 
‘xternal spherical swelling about 4 cm. in diameter 


with a fibrous wall. The swelling was an aneurysm 
extending downwards and forwards from the 
anterior end of the incisura tentorii and separating 
the brain-stem from the splenium. The antero- 
superior surface of this aneurysmal sac had stretched 
the posterior wall of the third ventricle, obliterated 
the recesses, and become firmly adherent to the 
pineal which was flattened antero-posteriorly. 
Hydrocephalic dilatation of the lateral ventricles 
and the upward and lateral pressure of the swelling 
into the calcarine fissures had thinned and flattened 
the medial surfaces of the occipital lobes so that the 
medial walls of the posterior horns of the lateral 
ventricles were stretched and attenuated. The usual 
deformities of cerebral hydrocephalus due to 
obstruction of the aqueduct were present, the cortex 
and white matter being reduced to a thickness of 
about 1-5 cm. in most places. The choroid plexuses 
were normal. The aneurysmal mass stretched the 
quadrigeminal plate below it to a thin membrane 
and the aqueduct was reduced to a transverse slit 
(Fig. 3). The superior vermis was compressed and 
formed the floor of a concavity which included also 
the medial parts of the lateral lobes of the cerebellum 
on either side. The fourth ventricle was slightly 
reduced in size. 

There were no scars of the tentorium cerebelli or 
anything else to suggest previous tears and there 
was no evidence of haemorrhage from the aneurysm 
at any time. The aneurysm involved the posterior 
portion of the great cerebral vein and bulged down- 
wards from the origin of the straight sinus at its 
origin at the apex of the tentorium. The straight 





Fic. 3.—Coronal section through the aneurysm and the hydrocephalic 
brain at the level of the splenium, including the pons. A pale 
ball thrombus occupies part of the aneurysm. The aqueduct is 
patent but compressed below the aneurysm. The cerebral veins 
are dilated. 
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sinus was dilated to 1-3 cm. diameter and had a 
thick leathery wall. The torcula was an irregularly 
shaped cavity about 2:5 cm. wide. The right trans- 
verse sinus was also dilated (1-2 cm. wide) and thick 
walled. The left transverse sinus narrowed along its 
course and was 3 mm. wide at the point where the 
tentorium had been cut anteriorly. The superior 
sagittal sinus was 4 mm. wide. The aneurysm 
contained a white ball thrombus loosely adherent to 
its wall and not organized. The wall of the sac was 
about | mm. thick and microscopical examination 
showed that it was composed largely of elastic 
fibres and hyaline fibrous tissue formed in the intima 
of the vein. A similar intimal proliferation caused 
the thickening of the walls of the neighbouring 
venous sinuses. 

On account of the stretching of the region, the 
vascular connexions of the aneurysm were identified 
with some difficulty and only after microscopical 
examination. It was possible, however, to locate and 
recognize the major veins and arteries and these are 
shown in Fig. 4. Angiomas were not found. The 
vessels were identified as follows. 

Anteriorly both superficial middle cerebral veins 
were dilated and their entries into the cavernous 
sinuses were enlarged. Over the lateral surfaces of 
the hemispheres, the right vein was more dilated 
than the left. The right deep middle cerebral vein 
consisted of several small dilated vessels which 
drained into the basal vein. The right basal vein 
pursued an approximately normal course lateral to 
the cerebral peduncle and drained into the great 
cerebral vein where it was dilated into the aneurysm 
(Fig. 4). The left deep middle cerebral vein was 
dilated near its termination in the left basal vein on 
the cerebral peduncle. This left basal vein ended 
abnormally on the medial surface of the hemisphere 
behind the thalamus, external to the choroid 
plexus, and, together with the thalamo-striate and 
choroidal veins, gave origin to the left internal 
cerebral vein. The right internal cerebral vein was 
also identified by its origin in the thalamo-striate 
and choroidal veins on that side. Two-thirds of the 
way along its course it received an anomalous 
arterial tributary from the posterior cerebral artery, 
an arterio-venous fistula. The terminal third of the 
vein was dilated and varicose down to its termination 
in the great cerebral vein. The proximal | cm. of 
the great cerebral vein, between its origin in the 
union of the two internal cerebral veins and the 
aneurysm, was also dilated but not aneurysmal. On 
the right side it received a single small tributary 
from the posterior wall of the third ventricle. At 
the point of origin of the aneurysm the vein was 
joined by an arteriovenous fistula which was 2 mm. 
wide, a long arterial vessel which ran across the 


Fic. 4.—Semidiagrammatic representation of the aneurysm (2) at 
the distal end of the great cerebral vein and its vascular con- 
nexions. Branches of the posterior cerebral artery (4) are shown 
in black. The artery on the right lies in front of the aneurysm. 
There are arteriovenous fistulae, on the left to the dilated anterior 
portion of the great cerebral vein (5) where it enters the aneurys- 
mal pertion, and on the right to the terminal portion of the 
internal cerebral vein (3). Vessels containing mixed blood are 
cross-shaded. The right basal vein (1) ends in the aneurysm. 
The left basal vein (1) terminates abnormally at the origin of 
the left internal cerebral vein (3) which then passes in front of 
the aneurysm. 


medial surface of the occipital lobe from the left 
posterior cerebral artery. The conjoined vessels 
entered the aneurysm at an angle, forming an 
opening 3 mm. wide in the lateral wall of the 
aneurysm. There were two other openings leading 
into the aneurysm, one of which was formed by the 
right basal vein and was 2 mm. wide. The inferior 
sagittal sinus, which was dilated, opened into the 
upper surface of the aneurysm close to the termina- 
tion of the latter in the straight sinus. On microsco- 
pical examination, veins over the cerebrum, in 
the basal nuclei, and over the cervical portion of the 
spinal cord were seen to be dilated and their walls 
were fibrous. The arteries of the circle of Willis 
were normal. ' 


Discussion 
Death resulted from the trauma sustained by the 
child while playing. Post-traumatic cerebral oedema 
was probably enhanced by the effects of the ball 
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wrombus in the aneurysm. Increased secretory 
ctivity on the part of the choroid plexus may have 
ontributed to upset the delicate balance between 
roduction and absorption of cerebrospinal fluid 
hich had been established by the previous theco- 
eritoneal drainage. 

In the cases of Lumsden (1947) and of Clément, 
ierbeaux, Combes-Hamelle, Pertuiset, and Pétranca, 
1954, Case 1) the aneurysms were found in infants 

«f 7 months and | month respectively and had 
aused subarachnoid haemorrhages. The ages of 
‘nese cases and the location of the lesion might 
suggest that aneurysms of this type are caused by 
irauma at birth. In our case, however, there was 
nothing to indicate any previous tear of the ten- 
torium and the existence of arteriovenous fistulae 
permits elimination of trauma as an aetiological 
factor with even greater certainty. Hirano and 
Terry (1958) have listed the arterial connexions of 
the aneurysms in the 18 cases in the literature. In 
10 instances the posterior cerebral arteries were 
involved alone, as in our case, or in combination 
with other cerebral arteries. The anterior cerebral 
and pericallosal arteries were involved in other 
instances. Russell and Nevin (1940) reported the 


absence in their first case of any venous channels 
leading through the jugular foramina, and the 
terminations of the superficial middle cerebral veins 


in the cavernous sinuses were dilated. These ter- 
minations were dilated in our case too, but unfor- 
tunately the jugular foramina were not examined; 
the dilatation of the right transverse venous sinus 
suggests that drainage of blood was normal on that 
side, but in view of the narrowing of the other 
transverse sinus, the connexion of the left sigmoid 
sinus with the jugular vein may have been absent. 
Many of the deep and superficial cerebral veins on 
both sides were dilated and tortuous because of the 
increased entry of blood from the fistulae, but it was 
possible to identify all the major channels with 
normal anatomical elements. Thus, there was no 
genuinely angiomatous element.in the anomaly and 
this seems to have been true also of the other cases 
which are discussed here, The extent of the venous 
anomalies described has varied considerably and 
may depend in part on the size of the arteriovenous 
fistulae. In the case of Jaeger and Forbes (1946), in 
which both arteries and veins were considerably 
enlarged, the fistula was big enough to lead to 
cardiac enlargement. The fistulae and the resultant 
aneurysm constitute a single entity, but it is to be 
2xpected that the lesion might occur from time to 
‘ime in combination with arteriovenous malfor- 
mations in other parts of the brain. 

Superficial scalp veins are often dilated and 
yrominent as in our case, because of their connexions 


with the cerebral venous system. Dilatation of 
superficial veins may be the presenting symptom 
(Boldrey and Miller, 1949). In the case of Hirano 
and Terry (1958) dilatation of venous channels 
caused protuberance of the right eye. 

At necropsy, the walls of many of the cerebral 
veins were thick and fibrous, in keeping with the 
considerable degree of venous hypertension which 
certainly prevailed during life. The hypertension 
was probably the main factor impeding resorption 
of cerebrospinal fluid through the arachnoid 
granulations. In cases where subarachnoid 
haemorrhages have occurred, thickening of the 
leptomeninges may also interfere with resorption 
(Askenasy, Herzberger, and Wijsenbeek, 1953) but 
this complication was not present in our case. The 
dilatation of the subarachnoid cisterns noted before 
operation indicated that absorption of cerebrospinal 
fluid had been considerably impaired and _ this 
element of the hydrocephalus was relieved by thecal 
drainage. After operation the circumference of the 
head and the child’s development began to approach 
normal. The cisterns were not dilated at death. The 
residual clinical signs were probably caused directly 
by the mass of the aneurysm. Possibly complete 
recession of the hydrocephalus was impossible at this 
time. In the case of Hirano and Terry (1958) the 
arterial feeders of the aneurysm closed spontaneously 
and completely but the hydrocephalus did not recede. 
Askenasy ef al. (1953) suggest that deviation of 
arterial blood from the brain through the fistulae 
may increase the degree of cerebral atrophy caused 
by the elevation in cerebrospinal fluid pressure, but 
the clinica! observations in our case do not support 
this suggestion. Although failure of absorption 
seems to have played the chief part in the genesis of 
the hydrocephalus, the direct effects of the aneurysm 
in compressing the aqueduct cannot be neglected, 
and the hydrocephalus may have been maintained 
to some extent by this means. The aqueduct was not 
completely closed, but obstruction may have been 
intermittent, as apparently in the case of Jaeger 
and Forbes (1946). The balance between production 
and absorption of cerebrospinal fluid achieved by 
the operation was a delicate one and was eventually 
upset by trauma. 

Hydrocephalus was absent in a number of the 
cases reported in adults and older children (Oscher- 
witz and Davidoff, 1947; French and Peyton, 1954) 
but it has been the main symptom in children. The 
experience in the present case suggests that cerebro- 
spinal fluid drainage operations have a useful part 
to play in its relief. Most often surgical treatment 
of the condition has taken the form of clipping the 
arterial feeders as fully as possible. Hirano and 
Terry (1958) point out that the chief value of such 
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operations probably lies in preventing subarachnoid 
haemorrhage and this complication has occurred 
often enough to deserve serious consideration. 
Personality changes have been recorded by French 
and Peyton (1954). 

The presence of dilated superficial veins on the 
scalp in cases of hydrocephalus should arouse 
suspicion of the existence of an aneurysm of the 
great cerebral vein, and occasionally eye signs may 
suggest the presence of a lesion in the region of the 
pineal. In the present case there was slight abduction 
weakness of the left eye. Wolfe and France (1949) 
mention papilloedema and also evidence of defective 
innervation of the intrinsic and extrinsic muscles 
of the left eye. The patient of Jaeger and Forbes 
developed a squint while under observation. Eye 
signs were absent in the cases of Alpers and Forster 
(1945) and of Oscherwitz and Davidoff (1947). 
The diagnosis has most often been made by angiog- 
raphy but other radiological methods may be of 
use. The peculiar outline of the upper end of the 
aqueduct in the ventriculograms in our case may 
be paralleled in others. In several cases in adults 
the wall of the aneurysm has been partially calcified 
so that the dilated vessel was outlined (Alpers and 
Forster, 1945; Oscherwitz and Davidoff, 1947; 
Boldrey and Miller, 1949; Wolfe and France, 1949). 
The dilatation of the transverse sinuses might also 
in its turn lead to increased skull markings over the 
vessels, but the location of the sinuses on the skull 
is normal and they are not maintained in the foetal 
position as in congenital hydrocephalus due to 
atresia of the foramen of Magendie (Taggart and 
Walker, 1942; Gibson, 1955). 


Summary 
In a case of hydrocephalus caused by arteriovenous 
fistulae and an aneurysm of the posterior part of 
the great cerebral vein, the history and the necropsy 
findings in the head are recorded. Hydrocephalus 


and dilatation of superficial scalp veins were notec 
at 6 months of age. The hydrocephalus was found 
to be due in part to a failure of absorption of cerebro 
spinal fluid which probably resulted from hig! 
venous pressure in the superior sagittal sinus. A 
surgical spinal theco-peritoneal anastomosis w: 
performed with good results. Since the operatic 
compensated for the failure of absorption of cerebri 
spinal fluid by the natural routes, defective absorptioi: 
appears to have played an important part in causing 
the hydrocephalus. The child died as the result of 
an accident when 4 years 8 months old. The 
aneurysm was found to have caused persistent but 
incomplete obstruction of the aqueduct. Associated 
vascular anomalies were marked dilatation of the 
anterior part of the great cerebral vein and of a 
portion of the right internal cerebral vein, arterio- 
venous fistulae on each side arising from branches of 
the posterior cerebral arteries, anomalous termina- 
tion of the left basal vein, and elongation and 
dilatation of veins in many parts of the central 
nervous system. Angiomatous formations were not 
present. The case is discussed in relation to those 
reported by others. 

We wish to thank Professor J. H. Biggart for advice 
and encouragement and Mr. D. McA. Mehaffey for the 
photographs. 
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TRAUMATIC THROMBOSIS OF THE INTERNAL 
CAROTID ARTERY 


BY 


T. D. R. HOCKADAY* 


From the Military Hospital, Wheatley, Oxon 


Obstruction of the internal carotid artery 
by thrombus has been recognized with increasing 
frequency in recent years, because both carotid 
arteriography and inspection of this vessel post 
mortem have been done more often. Thrombosis 
following injury to the neck is well recognized and 
was described after both world wars, but in nearly 
all these cases there was laceration of the neck and 
an open wound in relation to the artery. But 
occasionally carotid thrombosis occurs after trauma 
which has not broken the skin of the neck, and it is 
with such cases of closed traumatic thrombosis of 
the internal carotid artery that this article is con- 
cerned. These have been regarded as rarities, and 
a rough idea of their frequency comes from Greco 
(1935) who recognized one such case whereas he saw 
22 with open wounds, and from Caldwell and 
Hadden (1948) who described one case of carotid 
thrombosis due to closed trauma and eight with 
open wounds among some 25,000 wounded soldiers 
admitted to an American army hospital. Murray 
(1957) recently made a survey of the world literature 
and listed 10 cases from wounds of the neck, 
excluding cases such as Sedzimir (1955) described in 
which the thrombosis originated in the intracranial 
part of the internal carotid artery and was associated 
with a fracture of the skull base. 

In addition to these analysed by Murray (1957), 
cases have been described by Cairns (1942), who also 
referred to another recognized by Zannoni (1933), 
by Sedzimir (1955) quoting an Australian case, and 
by Rosegay (1956) who describes one in America. 
lwo further cases are now added, one recently seen 
in the Military Hospital, Wheatley, and the other 
associated with that hospital three years ago when 
the patient was sent to Oxford for rehabilitation 
after initial diagnosis at Cardiff. 

Of these six cases, five survived, while in Murray’s 
paper (1957) nine out of 10 died. The increasing 
use of arteriography makes it probable that many 
more such favourable cases will be recognized. The 
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six patients who survived, one mentioned by 
Murray (1957) and five additional to his list, are 
briefly described. 
Case Reports 

Case 1 (Schneider and Lemmen, 1952).—A 42-year-old 
woman sustained a fracture of the right clavicle with 
contusion of the right supraclavicular area in a car 
accident. She was normally conscious on arrival at the 
local hospital but was unable to move her left leg although 
the left arm was normal. She soon became lethargic and 
12 hours later was semiconscious with a left hemiplegia 
and failure of conjugate eye movement to the left. Next 
day arteriography showed a block of the right internal 
carotid 3 cm. above its origin. Three months later she 
had a left hemiplegia, a left homonymous hemianopia, 
and was markedly labile emotionally. 


Case 2 (Cairns, 1942).—A 23-year-old airman was 
knocked unconscious for perhaps three minutes in a 
crash landing. On arrival at hospital he could give a 
clear account of the accident but in a voice already so 
husky that, together with his difficulty in swallowing and 
breathing, a tracheotomy set was prepared although 
never used. There were superficial grazes in the left 
carotid triangle and a laceration, bleeding freely, on the 
right. However, it was on the former side that the 
damage occurred, for, about 30 hours later, despite 
apparent improvement, he suddenly became aphasic 
with paralysis of the right side of the face and of the 
right arm and with weakness of that leg. Craniotomy 
and air encephalography were both normal although 
six weeks later this latter investigation, on repetition, 
showed some dilatation of the left lateral ventricle. 
Thirty-eight days after the injury arteriography showed a 
block of the left internal carotid artery 2 cm. from its 
origin. One month later there was gross global dysphasia, 
a homonymous field defect in the right upper quadrant, 
right hemihypaesthesia, and some slight recovery of 
movement of the limbs on the right. 

Case 3 (Sedzimir, 1955).—A 32-year-old man also 
improved over the year after his car accident so that he 
was then able to walk with an appliance although his 
left arm was useless. He had occasional grand mal 
attacks. His injuries had all been thought to be frontal 
and, again, loss of consciousness at the time of the 
accident was brief before he walked half a mile for help. 
Rational on entering hospital, he became unconscious 
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with the development of a left hemiplegia over a few 
hours during the next day. Angiography, on the basis of 
a diagnosis of subdural haematoma, showed a low 
complete obstruction of the right internal carotid. 


Case 4 (Wheatley Hospital No. N 2092).—A 20-year- 
old soldier was knocked out in a dance-hall brawl. There 
were small cuts on the lower lip and the left side of the 
chin while there was also slight swelling of the left side 
of the neck, although it never felt stiff. He was uncon- 
scious On admission to hospital and did not regain 
consciousness for some 12 hours when he was unable to 
speak or to write. He also had a marked right facial 
palsy and some weakness of the right hand, but not to 
a degree that could explain the agraphia. This hand and 
his writing showed most improvement so that, although 
he began to say words 10 days after the injury, 10 weeks 
after the accident there was still considerable dysphasia, 
but no nominal dysphasia or apparent defect of internal 
speech, together with a right facial weakness. Six weeks 
after the accident the fields.were normal. Arteriography 
at this time showed a proximal obstruction of the left 
internal carotid. 

The last two cases both show carotid obstruction 
distally, recalling the cases of Sedzimir (1955) but 
without any evidence of skull fracture such as he 
found. 


Case 5 (Rosegay, 1956).—A 29-year-old man was 
knocked out in a fight but soon came round to notice 
weakness and numbness of the left arm and leg which 
progressed so that next day there was a severe left 
spastic hemiparesis. At a stage when recovery had 
already begun in the leg, arteriography showed a block 
of the right internal carotid artery just distal to the 
origin of the posterior communicating artery. The leg 
continued to improve but the hand remained virtually 
without function. This case again showed no delay 
between the trauma and the onset of neurological 
deficit. 


Case 6 (Wheatley Hospital No. A 25187).—A 21-year- 
old professional boxer lost a fight on points but did not 
receive particularly severe punishment or any noticeable 
injury to his neck. About three-quarters of an hour 
later, he vomited and then rapidly developed motor 
aphasia and a right hemiparesis. He came under the 
care of Mr. C. Langmaid, at Cardiff, and arteriography 
showed the obstruction again to be high in the left 
internal carotid, at the base of the skull. Recovery in 
the right leg and in speech had begun 10 days after the 
fight while six weeks later, when he came to Oxford for 
rehabilitation, there was only mild nominal dysphasia, 
slow speech, a moderate right facial weakness, severe 
spastic paralysis of the arm, a moderate spastic paresis 
of the leg (but not severe enough to need a toe-spring), 
and a mild left hemianaesthesia, but no visual loss. 
Three years later, he is completely independent but there 
is still almost complete lack of movement in the right 
forearm and hand. Interestingly, in view of the transitory 
aphasia, he is a left-handed man with a history of left- 
handedness in the family. 
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Discussion 

These six surviving cases may be grouped with th 
other cases of closed traumatic thrombosis of th 
internal carotid artery listed by Murray (1957) « 
mentioned earlier in the paper (Zannoni, 1933), sv 
that there are 16 cases for discussion. 

The youngest patient was 16 and the oldest 4) 
years of age, while 10 were aged 20 to 30 years. Th); 
age group is probably more liable to trauma thai 
are others, but the incidence is nevertheless remark - 
ably high. As might be expected on similar grounds 
males form the bulk of the patients. 

The initial injury is not usually severe and later 
examination shows only some abrasions of the face 
or neck, contusion or mild swelling of the neck, or, 
occasionally, a fracture of the jaw, clavicle, or first 
rib (in one instance each). The cause may be an 
accident while travelling, a blow in a fight or from a 
flying missile, or, in one bizarre case (Northcroft 
and Morgan, 1944) the embrace of a rope which 
trailed from a passing lorry to wrap itself round a 
pedestrian’s neck, throw him to the ground, and then 
unwind again. This initial injury might cause 
unconsciousness for a few minutes but in most 
cases the patient was regarded at first as having 
sustained only minor injuries, and, indeed, might 
walk some distance to a hospital for an abrasion to 
be dressed, or merely go straight home. The onset 
of symptoms is most commonly in the first six hours 
but may occur some 30 hours after the accident, as 
shown in Table I. 


TABLE | 
ONSET OF SYMPTOMS AFTER ACCIDENT 
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Time after accident (hr.) | Immediate | 0-6 12,30 24-36 
3 2 


| 6-12 
Number of cases | 2 | 6 | 3 








Two cases were unusual, for one patient (Case 4) 
was unconscious for 12 hours after the accident when 
he recovered with signs of left cerebral dysfunction 
while the other (Case 5} had weakness and numbness 
of the left arm immediately he recovered from a 
few minutes of unconsciousness. Clarke and Harris 
(1958) write that an interval between the trauma 
and the development of altered consciousness is a 
constant feature of traumatic carotid thrombosis. 
In Case 4 the 12 hours of unconsciousness may have 
resulted from a cause other than the blockage of an 
internal carotid artery, which lesion could have 
developed during that period to be responsible at its 
end for aphasia, agraphia, and palsy of the right 
face and hand. And in Case 5, it was malfunction 
of the left arm that was present and progressive, 
for there was no period of disturbed consciousness 
apart from a few minutes immediately after the 
accident. Both these patients survived. 
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There seem two possible sites of obstruction. Of 
)cases with adequate necropsy reports, nine showed 
image to the intima and usually the media of the 
‘tery in the 2 to 3 cm. above the bifurcation of the 
ommon carotid with corresponding thrombus for- 
iation, while in one extravasation of blood into 
ie carotid sheath at this level was the most 
rominent feature apart from the thrombus itself. 
n the six survivors, where there is only arterio- 
raphic evidence, the block was near the origin of 
ne internal carotid in four and high in its course in 
vo, where it was described respectively as at the 
ase of the skull (Case 6) and just distal to the origin 
of the posterior communicating artery (Case 5). 


Obstruction low in the internal carotid does not 
itself indicate where the thrombus originated, for 
spread may be retrograde, but, as just mentioned, 
in nearly all the necropsy cases there was clearly 
intimal damage near the proximal end of the clot. 
Indeed, distal spread is the rule for, of 10 cases, 
spread to the beginning of the middle cerebral 
artery had occurred in nine while in five of them the 
anterior cerebral artery was also involved. Occa- 
sionally thrombus was also seen in the posterior 
cerebral or even basilar artery. The effect upon 
cerebral nourishment of the spread of a thrombus 
to break the continuity of the circle of Willis and 
perhaps extend along a cerebral artery must be 
considerable. If extension blocks the middle cere- 
bral artery alone the anterior cerebral artery could 
still be fed from the opposite side. Of 16 cases 
considered, motor involvement of the arm and leg 
seemed equally severe in 10, in two the leg was worse 
than the arm, and in four the arm was the worse. 
Not surprisingly, of these six patients with more 
partial lesions, five were survivors so that clinical 
and post-mortem findings cannot be compared. In 
the one exception (Clarke, Dickson, and Smith, 
1955), where the arm was affected almost 24 hours 
before the leg, the thrombus was found at necropsy 
to extend to the origin of the middle and anterior 
cerebral arteries. Sedzimir (1955) describes an 
interesting case where thrombotic obstruction of the 
internal carotid artery, originating from the region 
where it passes upwards from the cavernous sinus, 
and associated with rhinorrhoea and a fracture of 
the cribriform plate, caused paresis of the right arm 
several hours before coma occurred and some days 
before the leg was paralysed. Here again the 
thrombus extended only to the point of bifurcation 
of the internal carotid artery. 


The survivors show no special features to dis- 
‘inguish them from those who died, either in the 
ature of the accident, the severity of apparent 
lamage at an early stage, or the time before neuro- 
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logical symptoms appeared. They do include one 
case (Cairns, 1942) where a cerebral deficit appeared 
suddenly and as late as 30 hours after the original 
injury. Cairns felt that distal embolism from a 
carotid clot accounted for the sudden onset in this 
young pilot of hemiplegia and aphasia and sup- 
ported this view by reference to the case described 
by Zannoni (1933) where at necropsy there was a 
slightly adherent clot in the middle cerebral artery 
not in continuity with clot firmly adherent at the 
proximal end of the internal carotid artery. 

The severity of the residual damage in these 
cases varies from a right facial weakness with a 
dysphasia not severe enough to prevent the patient 
from conveying his meaning (Case 4) to a man with 
dysphasia, hemiplegia, hemihypaesthesia, and an 
upper quadrantic homonymous field defect (Case 2). 
In only one of the six were grand mal attacks a 
sequel (Case 3). 

The cases presented here may be contrasted with 
two described by Sedzimir (1955) in which the distal 
end of the internal carotid artery was occluded 
after trauma, which also caused fracture of the 
cribriform plate on one side and rhinorrhoea. In 
these two patients, aged 54 and 42, respectively, 
there was a long period of unconsciousness immedi- 
ately following the injury (five days and continuous 
to death). The onset of focal signs came relatively 
late, on the seventh day in the first case and after 
two days in the other. Both these patients died. 
The rare cases in which injury occurs through 
the soft palate (Fairburn, 1957) have not been con- 
sidered here. 


Summary 
Two further cases of thrombosis of the internal 
carotid artery after non-penetrating injury are 
described. They both survived and are grouped 
with four other surviving cases to contrast with a 
recent list in which nine out of 10 died. Some 
features of the lesion are discussed. 


I wish to thank Dr. W. Ritchie Russell for his help in 
the preparation of this paper, and the Director of the 
Royal Army Medical Corps for permission to publish it. 

I also wish to thank Mr. C. Langmaid, F.R.C.S., 
Cardiff, for permission to discuss Case 6. 
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CLINICAL AND ELECTROENCEPHALOGRAPHIC INVESTIGATIONS 
IN MYOCLONIC CEREBELLAR DYSSYNERGIA 
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A. KREINDLER, E. CRIGHEL, and I. POILICI 


From the I. P. Pavlov Neurological Institute of the Rumanian Academy of Sciences, Bucharest 


Clinical and anatomical evidence hitherto pub- 
lished on Ramsay Hunt’s (1921) myoclonic cerebellar 
dyssynergia has not succeeded in establishing the 
nosological place of this clinical entity, which van 
Bogaert considers to be a cerebellar syndrome with 
a superimposed myoclonic epilepsy. However, the 
clinical and electroencephalographic evidence does 
not permit such a conclusion. The case published 
by Cristophe and Rémond (1951), followed later 
by an anatomical study (Christophe and Gruner, 
1956), presented cerebellar manifestations associated 
with typical electroclinical myoclonus, synchronous 
and symmetrical discharges of spike-and-wave and 
polyspike-and-wave complexes, and of myoclonus 
activated by intermittent photic stimulation, whereas 
the cases reported by Alajouanine, Scherrer, Con- 
tamin, Marteau, and Calvet (1955), Daum, Lecasble, 
and Foncin (1953), and De Risio (1957 had no 
electroencephalographic accompaniments to the 
myoclonic discharge. The case reported by Daum 
and others (1953) did not even display a cerebellar 
syndrome 17 years after the onset of the disease. 
The disease sometimes follows a prolonged mono- 
symptomatic course, irrespective of its having begun 
with cerebellar manifestations or with myoclonus. 
The E.E.G. and clinical evidence reported in the 
present paper is a contribution to its pathogenesis 
and nosological classification. 


Case Reports 


We examined clinically and electroencephalographically 
a girl displaying the typical syndrome, which was also 
seen in her parents and two brothers, aged 12 and 7 years 
respectively. 

In the case of Elisa P., aged 15 years, no occupation, 
the disease appeared at the age of 11, with a nocturnal 
generalized convulsive seizure. She had similar convul- 
sive seizures during the following nights. Four weeks 
after the onset of the disease it was noticed that during 
the day-time the patient displayed sudden jerks, which 
made her fall. These jerks were followed by a discharge 
of generalized myoclonus (involving the limbs and face), 
associated sometimes with, sometimes without, displace- 


ment of the limb segment. Despite the patient’s statement 
that such seizures during the day were associated with 
loss of consciousness those who witnessed them stated 
that the patient spoke in a broken voice and asked not to 
be assisted as she was able to get up by herself. It may 
be assumed either that she did not wholly lose con- 
sciousness or that its loss was but transitory. These 
seizures were more frequent in the morning, particularly 
when the patient got out of bed, and in the evening. 
They occurred about five or six times every day. At the 
same time the patient noticed the onset of a tremor and 
small muscular jerks which interfered with each movement 
of the hands. She became clumsy and dropped things. 
Her voice was broken. Jerks were likewise present in the 
muscles of the face and distal extremity of the limbs, 
with or without segmental displacement; they were in no 
way related to falls, but emotional upset and even the 
smallest voluntary act aggravated them. For the past 
three years she had had no more generalized seizures, 
but the myoclonic manifestations had become more 
intense. It was also noticed that her legs suddenly gave 
way during walking, thereby making her fall. 

On neurological examination, the patient stood up- 
right on a wide base, and she could walk also on a wide 
base. It was noticed that one of the knees, either the 
right or the left, suddenly gave way involuntarily from 
time to time; muscular jerks and oscillations of the trunk 
were also present. Active movement was possible in all 
limb segments, but it was interfered with by muscular 
jerks affecting mainly the distal extremities of the limbs. 
There was hypotonia in the lower limbs. The ankle 
jerks were abolished. The plantar cutaneous reflex was 
normal; the right upper abdominal reflex was the only 
one left unimpaired but it was rapidly exhausted. There 
was normal sensibility, both superficial and deep. 
The patient exhibited the following cerebellar signs: 
intention tremor in the forefinger-nose ‘test, bilateral 
adiadokokinesis, with the arms stretched forward there 
was a rapid tremor of the fingers with a small amplitude, 
dysmetria and hypermetria were elicited by all the tests, 
asynergia of the trunk in Babinski’s overturning test, 
bilateral Stewart Holmes reaction. Speech was broken 
and somewhat explosive. Writing was macrographic. 
with an irregular, quavering touch, so that some strokes 
were invisible due to a jerk displacing the whole limb. 

When lying the patient displayed no tremor and the 
muscular jerks were very infrequent. In the upright! 
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gsition they affected all the muscle groups, including 
ie face in the form of fasciculations. The myoclonus 
as irregular, asymmetrical and it was exaggerated by 
<ertion and emotion. Sudden jerks of the muscles of the 
unk, making the patient fall, followed by myoclonic 
ischarges lasting three or four minutes, without loss of 
ynsciousness, were noticed. There was nystagmus on 
iteral gaze. 

Psychiatric examination disclosed puerilism and slight 

chaviour disorder. 

Laboratory examinations were normal, apart from a 

iild normochromic anaemia. The cerebrospinal fluid 
was normal. 

Air encephalography revealed slight enlargement of 
the third ventricle and of the aqueduct of Sylvius. Air 
was present in the major cistern as well as in the pre- 
peduncular cistern. 

Electroencephalographic examination showed a rather 
polymorphous background tracing (Fig. 1); it consisted 
of a rapid rhythm of 14 c./sec. and of waves in the theta 
band at the rate of 5 c./sec., either isolated or in out- 
bursts, and had the appearance of positive sharp waves 
with a bilateral temporo-central and temporo-occipital 
location. They sometimes formed paroxysmal discharges 
with a low frequency, lasting between four and 10 seconds, 
without the patient losing consciousness. The generalized 
paroxysm was characterized by another type of discharge, 
which was very frequent and brief (one to two sec.) 
occurring at regular intervals and characterized by 
generalized outbursts of spike-and-wave, polyspike-and- 
wave, or sinusoidal waves with a frequency of 5 c./sec. 
(Fig. 1). These discharges were not activated by the 


intermittent light stimulation and they did not correspond 


with the myoclonus. During these discharges she 
answered correctly a question asked in advance and the 
answer she gave afterwards to a question asked during 
the discharge was equally correct. When asked a question, 
she developed myoclonus in the facial muscles before 
answering, which caused deterioration in the electro- 
encephalographic tracing. The records displayed a close 
relationship between the facial myoclonus and the 
answers, but, on the other hand, there was no visible 
relationship between the discharges and the myoclonus. 
Myoclonus and fasciculation occurring in other muscle 
groups displayed the same characteristics (Fig. 3). 

Hyperpnoea brought about a slow dysrhythmia in all 
leads but chiefly in anterior leads. 

Largactil (75 mg. daily) brought about an obvious 
clinical improvement. The myoclonus and fasciculation 
became less frequent and troublesome. The background 
activity was irregular, there was a greater number of waves 
in the theta band, positive sharp waves both isolated 
ind in outbursts, rapid rhythms of 20 c./sec., mainly in 
anterior leads. Though irregular, the generalized 
paroxysm of spike-and-waves and polyspike-and-waves 
had a somewhat higher frequency (6 per sec.) (Fig. 2). 
\n intramuscular injection of 0-25 mg. adrenaline, 
\dministered under the effect of “‘largactil’’, did not in 
iny way change the electroencephalographic pattern. An 
ntramuscular injection of 0-2 g. acetylcholine, given 
inder similar conditions, improved the background 
ictivity: the positive sharp waves were less numerous 


and the outbursts were less prolonged, their amplitude 
was smaller. The generalized discharges (characterized 
by hypersynchronous waves) had a frequency of four or 
five per minute and were shorter. 

Six days after “largactil’? therapy had been dis- 
continued, the electroencephalographic tracing resumed 
its initial pattern. The positive sharp waves were in 
greater numbers and in particular the outbursts were 
more prolonged, displaying a left centro-occipital pre- 
dominance. 

Adrenaline, 0:5 mg., given intramuscularly caused no 
electrocardiographic or electroencephalographic change. 
Clinically, the myoclonus became more frequent and 
more generalized. The electroencephalographic and 
clinical picture remained unchanged after an injection of 
neoeserin. An injection of 4 mg. strychnine did not 
modify the pattern of the tracings, but the myoclonus 
became more ample and frequent, particularly when the 
patient answered questions (Fig. 3). 

Delayed mental development of Emmanuel P., aged 
12 years, a brother of Elisa P., had been noticed since 
early childhood. He did not recognize persons around 
him until he was 4 years of age. He learned the names 
of objects at the age of 5. He could not attend school 
because he was unable to learn or concentrate or observe 
school discipline. He could learn no trade, nor could he 
perform any consequent activity. He displayed seizures 
of psychomotor agitation which sometimes attained 
great violence. 

There was nothing worth mentioning in the child's 
past history. 

A neurological examination was negative. 

Psychiatric examination showed a second degree 
oligophrenia. 

Electroencephalographic examination showed light- 
reactive background activity displaying waves in the 
alpha band, at the rate of 10-c./sec., waves in the theta 
band at the rate of 4 c./sec., particularly in anterior 
leads. The tracing was rather poorly organized for the 
child’s age. Discharges lasting one or two seconds were 
noticed to appear against this background, characterized 
by atypical spike-and-wave complexes at the rate of 
4 c./sec., slow biphasic spikes or hypersynchronous 
biphasic waves attaining the greatest amplitude in the 
left temporo central lead (Fig. 4). The discharges were 
not accompanied by any myoclonic manifestations. 
Hyperpnoea exerted no influence. 

Thirty minutes after the ingestion of 50 mg. “‘largactil”’, 
the child was drowsy. Fifteen minutes later, he became 
clumsy in the performance of voluntary actions. Each 
movement was interfered with by myoclonus, similar 
to that displayed by his sister. The electroencephalo- 
graphic tracings exhibited marked alterations. Biphasic 
spikes or even slow isolated spike-and-waves were 
noticed, chiefly in central leads. Spike-and-wave dis- 
charges were more frequent and persistent (Fig. 5). 
Paroxysmal dysrhythmic periods were noticed in the 
central region lasting 20 to 27 seconds, characterized 
by slow waves, positive sharp waves, positive spikes 
with an inconstant frequency. Phase reversal could 
be elicited between the central electrodes (Fig. 6). 

After a subcutaneous injection of adrenaline (0-5 mg.) 
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a Maar \ A I seopw fol Fic. 1.—Elisa P. Polymorphous background tra: - 
ings: rapid rhythm at the rate of 14 c./sec , 
waves in the band at the rate of 5 c./sec , 
either isolated or in outbursts. Paroxysm 
outbursts of positive sharp waves with 
bilateral temporo-central and  temporo- 
occipital location, lasting four to 10 second 
Brief discharges of generalized outbursts, 
spike-and-waves, polyspike-and-waves, or 
sinusoidal waves with a frequency of 5 c./se 





2.—Elisa P. Largactil (75 mg. daily) causes 
greater alteration in the tracing: a more 
irregular background activity, a greater 
number of theta waves, sharp waves, and rapid 
rhythms of 20 c./sec. in anterior leads. 
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E.G. 4.—Emmanuel P. A poorly organized 
electroencephalographic tracing for his age. 
Discharges lasting one or two seconds of 
atypical spike-and-waves complexes at the 
rate of 4 c./sec., attaining the greatest ampli- 
tude in the left temporo-central derivation. 
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Fic. 5.—Emmanuel P. Thirty minutes after the 
ingestion of 50 mg. “‘largactil’’ the tracings 
exhibit marked alterations. Biphasic spikes, 
or even slow isolated spike-and-waves are 
seen. Spike-and-wave discharges are more £.9.4 ‘ y . 
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the tracings displayed a score of sharp waves, isolated 
and grouped, slow biphasic spikes, waves in the theta 
band at the rate of 4 c./sec. No generalized discharge of 
spike-and-waves was visible any more. 

Florian P., aged 7 years, was the third child. He 
displayed somewhat marked mental retardation. 

Neurological examination elicited an oscillating gait 
and dysmetria and intention tremor, chiefly in the limbs 
on the right side. 

Air encephalography showed a slight degree of internal 
hydrocephalus and a considerable amount of air in the 
prepeduncular cistern. 

The electroencephalogram revealed normal tracings 
with sparse bi- and triphasic spikes in the central regions. 
The background activity in posterior leads was some- 
what slow (8 c./sec.). Hyperpnoea gave rise to ample, 
sinusoidal, symmetrical, generalized waves, within normal 
limits for the patient’s age. Intermittent light stimulation 
did not alter the tracing. 

A dose of 50 mg. “‘largactil’” did not modify the 
tracings but a discharge resembling the ones elicited in 
his sister was noticed. 

Marin P., the children’s father, aged 47 years, a 
laboratory assistant, exhibited no subjective disorder. 
His father (the children’s grandfather), who died with 
psychiatric disorders when aged 75 years, had had 
syphilis. No case of epilepsy or other neurological diseases 
was noted in the father’s family. 

Neurological examination showed loss of the tendon 
reflexes in the lower limbs and diminution of the tendon 
reflexes in the upper limbs. Gyratory nystagmus was 
present on right lateral gaze. 

The electroencephalographic tracings were normal. 

Zinca P., the children’s mother, aged 45 years, no 
occupation, was mentally deficient. There were no 
neurological factors worth mentioning in her family. 
The electroencephalographic tracings were within normal 
limits. 


Discussion 


The clinical picture, the course of the disease, 
and the alterations in  electroencephalographic 
tracings exhibited by the first patient suggest 
myoclonic cerebellar dyssynergia. The onset is 
somewhat unusual as the first manifestations con- 
sisted of nocturnal generalized convulsive seizures. 
In her two brothers the diagnosis is more difficult. 
In the case of Emmanuel P., the alterations in 
electroencephalographic tracings are very much like 
those found in his sister. The untoward effect 
of “‘largactil”, which, in the case of Emmanuel 
caused cerebellar disorders and myoclonia, is in 
contrast to the beneficial effect upon the clinical 
symptoms elicited in Elisa, though both children 
displayed the same electroencephalographic altera- 
tions, chiefly an aggravation of centralencephalic 
discharges with a temporal projection, which some- 
times have the actual appearance of seizures of 
temporal epilepsy lacking any clinical manifestation. 
We believe that Emmanuel is likewise a case of 
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Ramsay Hunt’s disease, though at an earlier stag.:, 
before the onset of clinical cerebellar or myoclon c 
manifestations. The mild cerebellar disorders di;- 
played by the youngest child, Florian, and by the:r 
father are more difficult to interpret. The very slig\it 
electroencephalographic disorders elicited in tle 
case of Florian and the absence of any alteration in 
the father in no way rule out the diagnosis of 
dyssynergia cerebellaris myoclonica. 

In the case published by Daum and others (1953) 
there was only a generalized dysrhythmia without 
any of the characteristic manifestations of myoclonic 
epilepsy even after intermittent light stimulation. 
The patient of Alajouanine and others (1955) dis- 
played only posterior theta waves at the rate of 
6 c./sec., while De Risio’s patient (1957) exhibited 
theta waves of low amplitude in bilateral temporal 
leads. In the latter patient, intermittent light stimu- 
lation as well as photo-cardiazol activation did not 
give rise to manifestations of myoclonic epilepsy. 
The youngest child of the P. family may be con- 
sidered as having the disease in its initial stage (cere- 
bellar disorders, generalized discharge determined 
by “‘largactil’’, bi- and triphasic spikes in the central 
region). The father may be affected with another 
syndrome of the group of cerebellospinal degenera- 
tions, but this is difficult to ascertain in the absence 
of anatomical data. 

The delayed mental development in the children 
must be specially mentioned, particularly in the two 
brothers and in the mother. 

In the case of Elisa, the myoclonus had no electro- 
encephalographic accompaniments; nor were the 
generalized and synchronous spike-and-wave or 
polyspike-and-wave discharges accompanied by 
myoclonus in the sister and in the elder brother. 
Intermittent light stimulation did not cause either 
electroencephalographic discharges or clinical myo- 
clonus. Such characteristics compel us to admit 
that there is a physiopathological difference between 
myoclonus in Hunt’s disease and in myoclonic 
epilepsy. According to Greenfield (1954), there may 
be different types of myoclonia, but insufficiently 
studied. Discrepancies might be explained by dif- 
ferent modalities of discharges from the focus. In 
our patient we have pointed out the antagonism 
existing between the action of “‘largactil’’ and that of 
adrenaline. In the case of Elisa, “‘largactil’’ almost 
completely abolished the myoclonus, but it exerted 
an untoward influence upon the electroencephalo- 
graphic tracings, whereas adrenaline obviously 
aggravated myoclonus. In the case of Emmanuel, 
“‘largactil’’ determined the onset of clinical myclonus 
which was not present before. It might be inferred 
that myoclonus is determined by a hyperexcitabl« 
focus at the level of the mesodiencephalic reticula~ 
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ormation. Discharges towards the brain cortex 
nduce the typical spike-and-wave or polyspike-and- 
vave alteration. Discharges towards the motor 
ieurone in the anterior horn of the spinal cord 
yroduce clinical myoclonus. Each discharge from 
he focus is therefore directed towards the cortex 
ind towards the spinal cord. We have pointed out 
vefore (Kreindler, Brosteanu, and Poilici, 1957) that 
n petit mal there is an analogous mechanism. In 
nyoclonic epilepsy due either to a great reticular 
-xcitability or to the fact that the cortex and the 
eripheral motoneurone have the same degree of 
iyperexcitability, each discharge from the focus has 
cortical and peripheral accompaniments. The same 
phenomenon is sometimes liable to occur in 
myoclonic cerebellar dyssynergism (Cristophe and 
Rémond, 1951). Reticular dysfunction or different 
degrees of cortical and spinal excitability cause the 
discharge from the focus to have but a single 
accompaniment, i.e., either cortical or peripheral. 
We are inclined to think that the cause is rather 
related to reticular dysfunction. Both “‘largactil’’ 
and adrenaline have a considerable reticular action, 
and in the two children they influenced the myoclonic 
discharges. In the case of Elisa, who displayed 
myoclonus, “‘largactil’’ exerted a beneficial influence 
upon the peripheral discharge whereas adrenaline 
aggravated it. In the case of Emmanuel, who had no 
peripheral discharges, “‘largactil” induced such dis- 
charges. In both of them “‘largactil’’ brought about 


an aggravation of electroencephalographic altera- 
tions and particularly of generalized spike-and-wave 
discharges. The interparoxysmal alterations in 
electrogenesis are due to lesions of the reticular 
substance while differences in tracings are related to 
different morphological and functional alterations 
of the reticular substance. 

The importance of the excitability of the moto- 
neurone in the clinical efficiency of discharges from 
the focus is evident from the fact that strychnine, a 
substance exerting a prevailingly spinal action, 
causes an aggravation of myoclonus. 

It might therefore be inferred that the different 
clinical and electroencephalographical aspects of 
dyssynergia cerebellaris myoclonica are determined 
by the diversity of morphological and functional 
alterations in the reticular substance and cerebellum. 
Transition forms are found between cases with but 
one symptom and those displaying the full picture of 
the disease. 
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IS LUMBAR PUNCTURE HARMFUL IN 
MULTIPLE SCLEROSIS ? 


BY 
KURT SCHAPIRA 


From the Department of Neurology, Royal Victoria Infirmary, Newcastle upon Tyne 


That lumbar puncture is detrimental in multiple 
sclerosis has been taught for many years; the origin 
of this belief and the evidence on which it is based 
are difficult to trace. The general warnings some- 
times given in text-book accounts of contra- 
indications to lumbar ‘puncture in this disease 
appear to depend chiefly on the familiar experience 
of an occasional instance in which clinical deteriora- 
tion has followed the procedure. More recently, 
during the Sixth International Neurological Congress 
held in Brussels in July, 1957, Professor K. Henner 
stated firmly that lumbar puncture was contra- 
indicated in the disease (Henner, 1957). This view 
was at variance with my own experience, and served 
as a stimulus to consider the question more closely. 

During a current survey of cases of multiple 
sclerosis in north-eastern England, during which 
700 patients were personally interviewed and 
examined, enquiry was made as to whether lumbar 
puncture had been carried out at any stage of the 
illness, and also as to the course of the disease 
during the subsequent month. Of the patients 
questioned, rather less than half had been sub- 
jected to spinal puncture, and in 250 instances the 
information was considered sufficiently reliable for 
analysis. Of these, 231 patients reported their 
condition as unchanged, 14 patients reported 
improvement, and five patients considered that their 
condition had deteriorated. This retrospective 
information refers essentially to the patient’s own 
assessment with regard to the month following spinal 
puncture, though in many instances this was 
authenticated by a record of objective findings. For 
what such enquiry is worth, it lends little support 
to the view that this procedure significantly affects 
the course of the disease. 

The difficulty of controlled observation in mul- 
tiple sclerosis is one with which every worker 
engaged in its study is familiar: a second phase of 
the enquiry involved a comparison in 100 cases of 
the apparent course of the condition during the 
month following lumbar puncture with the tempo 


of progression evident during similar periods 12 
months earlier and 12 months later. 

Of these 100 patients, in 81 there was no difference 
in the course of the disease during the month fol- 
lowing lumbar puncture by comparison with that 
during a similar period a year earlier and a year 
later. In 19 cases significant differences were noted. 

One patient showed very marked deterioration 
following lumbar puncture: in this case the disease 
showed steady but less dramatic progression during 
both the periods used for comparison. 

Eight patients improved during the month fol- 
lowing spinal puncture, and of these none had been 
similarly improving 12 months previously, when in 
four the condition was static and in four gradually 
progressive. A year later four were improving, in 
three the condition was static, and one patient was 
deteriorating. 

Ten patients showed no definite change during 
the month following lumbar puncture. Twelve 
months previously none of these was improving, in 
two the condition was static, and eight were deteri- 
orating. A year later one was improving, six were 
static, and in three the condition was gradually 
becoming worse. 

Five of the 250 patients studied had been subjected 
to myelography: in no instance did this procedure 
perceptibly alter the patient’s condition. 

These results indicate that lumbar puncture has 
little effect on the course of multiple sclerosis, and 
that any apparent effect occasionally observed is as 
likely to be favourable as deleterious. The risks of 
overlooking clinically atypical compression of the 
spinal cord are well known. There is clearly no 
reason to withold the procedure in any case where 
the faintest suspicion of such a lesion arises. 

The author wishes to thank the North-East Multiple 
Sclerosis Trust for the financial support which has made 
this work possible, and Dr. Henry Miller for suggesting 
the subject of the present investigation. 
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SLOWNESS IN SCHIZOPHRENIA 
BY 
ARTHUR HARRIS and MARYSE METCALFE 


From Bethlem Royal Hospital and the Maudsley Hospital and 
the Institute of Psychiatry, University of London 


Slowness is an abnormality which has been 
regularly and reliably demonstrated by psychometric 
tests in patients suffering from all forms of mental 
illness (Shapiro and Nelson, 1955a). In a previous 
enquiry we found that it was present in some 
schizophrenic patients and that those with in- 
appropriate affect showed a greater tendency to it 
than the others (Harris and Metcalfe, 1956). 


Nufferno Speed Test 

In this investigation we have used only the 
Nufferno speed test, which is designed to measure 
speed as distinct from general level of intelligence. 
it consists of 19 problems of the Thurstone letter- 
series type in each of which the patient is presented 
with series of letters and is required to add at the 
end of the series the letter which is appropriate to 
the sequence (Furneaux, 1955, 1956). 

Every patient was tested on two versions of equal 
difficulty. In the first or unstressed version (AA) 
the patient is allowed to work at his own rate, but 
in the second or stressed version (AB) the examiner 
urges him to complete the task as quickly as possible. 
The score for each version is the mean of the 
logarithms of the times spent for the completion of 
the items correctly solved in each version. The 
higher the score, therefore, the slower the patient. 

Several workers have applied this test to schizo- 
phrenic subjects and all report a tendency for 
them to be slower than normals (Nelson, 1953; 
Ogilvie, 1954; Shapiro and Nelson, 1955a, 1955b; 
Broadhurst, 1956). The forms of the test used have 
varied, however, according to the aims in view, so 
that it is difficult to compare results. For the AA 
unstressed version the range for an unselected 
normal population is from 0-6 to 2-1 and for the 
AB stressed version 0:5 to 1-8. Broadhurst gives the 
standard deviation for a group of normal adults as 
32 on the AA version. 


Nufferno Test and Affect 
Further examination of the scores of our original 
sroup of patients (Harris and Metcalfe, 1956) showed 


that those of the patients whose affect was markedly 
inappropriate were grouped closely together in the 
slower part of the scale, whereas the scores of the 
patients with moderately inappropriate affect were 
scattered over a much greater range. Of the original 
40 subjects attempting our test battery, one failed 
to complete the Nufferno tests satisfactorily so had 
to be discarded for our present purpose. 


TABLE I 


AFFECT TESTED BY UNSTRESSED VERSION OF 
NUFFERNO TEST 





| Markedly | Moderately | 
Inappropriate | Inappropriate | Normal Affect 
| ffect | Affect | 


Range (mean log | | 
time) 1-054 to 1-390 | 0-698 to 1-686 | 0-924 to 1-195 
0-10 | 0-23 0-13 


Standard deviation 





Aims of the Investigation 


Our present aims were to find out whether length 
of illness or previous physical treatment exerted 
any influence on speed, whether the degree of slow- 
ness in the early part of the illness bore any relation- 
ship to the outcome, and whether the slowness 
varied with the patient’s clinical state, i.e., decreased 
or disappeared when he recovered. For these 
purposes to the original group of 39 subjects were 
added 14 more schizophrenic patients from the 
same hospital, all showing gross psychotic features 
of a kind which left the diagnosis in no doubt. 
The ages of this group of 53 patients ranged between 
19 and 56 with a mean of 30. They were tested on a 
shortened version of the Wechsler-Bellevue test and 
the mean I.Q. for the group was 107. 


Length of Illness 


Twenty-three of our 53 patients had been ill for 
less than a year, two for over 20 years, and the 
remaining 28 for intermediate periods. In our 
previous paper we found no relationship between 
length of illness and a speed score obtained from 
the block design test of the Wechsler-Bellevue 
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series. However, Table II shows a trend for slow- 
ness in the Nufferno speed tests to increase with 
length of illness before testing. 


TABLE II 
SLOWNESS RELATED TO LENGTH OF ILLNESS 





Mean Mean 


Length of Illness Log-time Log-time 
AA AB 





Under | year (23 subjects) | 1-1 
Between | and 2 years (9 subjects) | 45 


07 
98 
Over 2 years (21 subjects) 11 





The AA mean score of the patients with less than 
one year’s illness is different from the mean score 
of the group with more than two years’ illness and 
is also different from all the rest of the patients at a 
high level of statistical significance (respectively 
P = 0-05 and between 0-02 and 0-05). AB scores are 
not significantly different. An analysis of variance 
showed no significant difference. 

None of these patients were chronic mental 
hospital inmates, although some were chronic home 
invalids, so that stay in an institution cannot have 
been a factor. 

On account of the possibility that this difference 
was due to the patients who had been ill for a 
longer period receiving more physical treatment 
than those whose illness had been shorter, we 
examined two groups matched for the amount of 
physical treatment which they had received; all the 
members of one group had been ill for less than one 
year and all the members of the other group had 
been ill for more than two years. 


TABLE III 


SCORES RELATED TO LENGTH OF ILLNESS 
(NINE PATIENTS IN EACH GROUP) 





Length of Illness AA Mean Log-time AB Mean Log-time 


1-132 
1-241 





Less than | year 


0-985 
Over 2 years 


1-030 





It will be seen from Table III that the results are 
consistent with the conclusion that the longer the 
illness, the slower the score, although the number 
of subjects is small and the differences are not 
statistically significant. 


TABLE IV 


RELATIONSHIP BETWEEN LENGTH OF ILLNESS AND 
SLOWNESS AND AFFECT (39 SUBJECTS) 





| Markedly | Moderately | 
Length of Illness Inappropriate Inappropriate Normal 
ect 
} 


| Affect Affect 








AA | AB | AA | AB | AA 

1-143 | 0-999 | 1-028 | 0-838 | 1-104 | 1-042 
1-234 | 1-204 | 1-040 | 0-858 | 1-221 | 0-975 
1-274 | 1-223 | 1-175 | 0-972 | 1-146 | 0-972 


| 


Under | year 
Between | and 2 years 
Over 2 years 
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In an attempt to understand this relationship 
between length of illness and slowness we referred 
again to the three categories of affective incongruity 
into which 39 of our subjects had been classified. 

Table IV shows that the relationship betweer 
length of illness and slowness holds good only fo: 
those patients who exhibit inappropriate affect. 


Physical Treatment 

Of our 53 subjects, 23 had had no physica! 
treatment at all before testing. Of the remaining 30, 
19 had had insulin coma alone, eight had had 
electroshock alone, two had had both insulin and 
E.C.T., two had had barbiturate comas alone, one 
had had cardiazol convulsions alone, one had had 
insulin coma and leucotomy, and one had had 
insulin coma and topectomy. It seemed important 
to distinguish those who had had physical treatment 
recently from those who had only had it at a 
remoter date and this has been done in Table V. 


TABLE V 


RESULTS IN PATIENTS TREATED PHYSICALLY 
ACCORDING TO TREATMENT DATE 





AA AB 


Physical treatment within past 6 months 1-186 0:994 
Physical treatment but not within past 
6 months 


1-159 
No physical treatment 


1-149 


1-035 
0-984 





It will be seen from Table V that patients who 
have received physical treatment tend to be slower, 
but the differences are not statistically significant. 
Several of those who had no physical treatment had 
severe illnesses of long duration, so that it is unlikely 
that this effect is to be explained by the worse or 
more chronic cases gravitating to the physically 
treated group. As far as it goes, this finding is in 
agreement with the results of an investigation into 
the effects of E.C.T. in states of depression 
(Shapiro, Campbell, Harris, and Dewsbery, 1958), 
but not with our own results using the block design 
speed score (Harris and Metcalfe, 1956), which is of 
course a very different measure from the Nufferno 
test. 


Outcome of Illness 

As Windle pointed out in his comprehensive 
review (Windle, 1952), no psychological test has 
given useful prognostic information in patients 
suffering from schizophrenic illnesses. Later work 
by the Columbia-Greystones group has encountered 
the difficulty that patients in the acute stage of the 
illness appear to give the opposite results with the 
tests that they use to patients in the chronic stage 
(Windle and Hamwi, 1953). As one frequently 
cannot determine whether a patient is in the acu'e 
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«rc chronic stage until the outcome of the illness is 
; oparent, these tests are of little practical value. 
| ecause of our findings that inappropriate affect, 
‘hich is itself related to a poor outcome, was 
; companied by slower scores on speed tests, we 
jad some grounds for hoping that the Nufferno 
‘peed test might prove effective from a predictive 
; oint of view. 

For this part of the investigation we selected 37 
jatients out of our group of 54, rejecting those with 
chronic illnesses whose condition had remained 
static for some years and only keeping those for 
whom the outcome was in doubt. These were inter- 
viewed by the psychiatrist (A.H.) a year after they 
had been tested and assessed according to their 
clinical and social state. At the time he made the 
assessment he was ignorant of the test results. 
During the 12-month follow-up period, of these 
37 patients, 23 had insulin coma treatment, four 
had barbiturate coma treatment, one had E.C.T. and 
“largactil”, and nine had no physical treatment. 
Of these nine, six had finished a course of insulin 
coma, one a course of barbiturate treatment, and 
one a course of cardiazol treatment a week or two 
before being tested for the first time. There is no 
evidence that the type of physical treatment given 
affected the outcome (Ackner, Harris, and Oldham, 
1957). 

With regard to their clinical state they were 
divided into three groups, namely, recovered, 
residual defect, and still psychotic, as defined in a 
previous paper (Ackner, Harris, and Oldham, 1957). 


TABLE VI 
CLINICAL OUTCOME IN THREE GROUPS 





re 
Clinical Outcome | Stress-gain 


Recovered (9 patients) 
Residual defect (5 patients) 
Still psychotic (23 patients) 








There is a trend towards the association of 
higher speeds on the unstressed version of the test 
with a more favourable outcome and of high stress- 
gain scores with unfavourable outcome but the 
difference between the scores of the patients who 
later recovered and the scores of those who did not 
does not attain a satisfactory degree of statistical 
significance and is too small to render'it useful in 
prediction. 

With regard to their social state they were also 
divided into three groups, namely, independent, 
ocially dependent but out of hospital, and in 
1ospital, as defined in the previous paper. 

Again high speeds on the unstressed version are 
\ssociated with a more favourable outcome, but not 
it a statistically significant level. 


TABLE VII 
SOCIAL OUTCOME IN THREE GROUPS 





Social Outcome AA Stress-gain 





Independent (15 patients) 

Dependent, ex-hospital 
(12 patients) 

In hospital (10 patients) 


1-122 


1-165 
1-192 


| 
s 
| 
| 


o 
0-990 
0-894 0-298 





The stress-gain score is the difference between the 
scores on the stressed and unstressed versions. 
Furneaux (personal communication) suggests that a 
high stress-gain score represents a lower degree of 
personal motivation as it indicates that the subject 
needs more inducement from the examiner to attain 
his best level of performance. He believes that this 
score is not related to intellectual achievement and 
is more related to temperament. 

The mean stress-gain score of our group was much 
higher (0-19) than that of a group of university 
students (0-05) (Furneaux, personal communica- 
tion). All but two patients were quicker on the 
stressed than on the unstressed version. The stress- 
gain score differentiates at a satisfactory level of 
statistical significance between the independent and 
the “in hospital” groups (t test, P between 0-02 and 
0-05). However, when the most appropriate cutting- 
score is chosen to discriminate between these two 
groups three out of 10 of the “in hospital’ group 
and four out of 15 of the independent group are 
wrongly classified. This overlap, meaning that 28% 
of the patients would be wrongly classified, is too 
great to enable the Nufferno stress-gain score to be 
used for the prediction of social outcome. 


Change in Mental Speed after Clinical Improvement 

We tried to find out whether speed increases when 
the patient improves. This bears on one of the 
fundamental questions about slowness, whether it 
is due to a constitutional factor or to impaired 
function as the result of disease. Six patients were 
retested one year or more after their initial test and 
after they had completely recovered. There was a 
very slight improvement in their score. This slight 
improvement was also evidenced by a control group 
of six similar patients who at the time of their 
second test were still psychotic. These six patients 
had all just had or were about to have physical 
treatment at the time of their first test. Because of 
the complicating effect of the physical treatment 
which these patients had received no conclusions are 
possible. 


: Discussion 
The trends are mainly in the expected directions, 
although there is an absence of satisfactorily 
significant figures. Unexpected findings with regard 
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to the stress-gain score appear and focus attention 
on this hitherto neglected measurement. From 
observation during testing, it seemed that those 
who showed the higher stress-gain scores reacted 
more warmly to the examiner than those with the 
lower scores, who remained more aloof and remote. 
It may be a matter of motivation, as Furneaux 
believes, or simply that some degree of aloofness 
prevents friction between a schizophrenic and his 
environment and so is a social advantage. 

Turning back to the group of 39 patients whose 
affect has been estimated, those with markedly 
inappropriate affect show significantly lower stress- 
gain scores than those with moderately inappro- 
priate or normal affect. 


TABLE VIII 


SIGNIFICANCE OF LOWER STRESS-GAIN SCORES 
RELATED-TO AFFECT 





Markedly 
Inappropriate Affect | Inappropriate Affect 


Normal 
Affect 


Moderately 





| 
| 
Stress-gain | 

Score } 0-070 | 0-147 





The t test between the means of the markedly 
inappropriate affect and other two groups is signi- 
ficant at the 0-01 level. 

There is an apparent paradox in that a low stress- 
gain is associated with a good outcome, at least 
socially, and also with inappropriate affect, which is 
known to be unfavourable prognostically. Various 
explanations can be suggested. Social factors are 
changing rapidly and the community will now 
accept psychotic patients who a few years ago would 
have become chronic mental hospital inmates. The 
success of chlorpromazine in promoting social 
recoveries indicates that a reduction in tension 
and volume of affect, which this drug produces, 
may be socially valuable. The difference between 
inappropriateness of affect. and a diminution of 
affective response has been emphasized in our 
previous paper, but it is probable that they are not 
entirely unconnected. This particular group of 
patients is a small one and may be atypical in some 
respects. If we take the 19 patients who of the 
original 39 were followed up, it will be seen that the 
relationship between affective state and outcome is 


TABLE IX 


OUTCOME AFTER ONE YEAR RELATED TO 
AFFECTIVE STATE 





Original Affective State | 


Markedly Moderately | 
Inappropriate | Inappropriate | 





Normal 
Affect 


Outcome at End of 
12 Months 


ffect Affect 





Recovered 1 1 
Residual defect 2 0 
Psychotic 3 6 
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less clear cut than in the larger previously publishe: 
series. (The other 20 were too chronically ill to b 
used for the prognostic study and so were no 
followed up.) 

The criterion of outcome, condition at a fair! 
arbitrary point in time, which we were obliged to 
use for practical reasons, is a crude one. These 
results with the stress-gain scores call for further 
investigation, especially as they give some hope of 
information of value in the rehabilitation of patients. 

The results with regard to the effect of length of 
illness fit in well with long-held psychiatric beliefs 
concerning the type of patient who is likely to 
deteriorate and the type which is not. 


Summary 

The influence of various factors on the mental 
speed of a group of schizophrenic patients was 
investigated by means of the Nufferno speed test. 
Longer duration of illness was associated with 
slower performance on the unstressed portion of the 
test, this being more definite in the case of those 
patients who also showed inappropriate affect. 
Patients who had had physical treatment tended to 
be slower on the unstressed portion of the test and 
those whose illness had a favourable outcome 
tended to be faster than the others. A significant 
relationship appeared between low stress-gain score 
and favourable social outcome. No satisfactory 
formula for predicting outcome on the basis of this 
test could be devised. An effort to correlate speed 
with disease and recovery failed because of the 
difficulty of finding patients who had gone through 
their illness without receiving physical treatment, 
since this latter formed a complicating factor which 
could not be allowed for. 


We are grateful to Mr. W. D. Furneaux for help and 
advice. This work has been supported by the research 
fund provided by the Board of Governors of Bethlem 
Royal Hospital and the.Maudsley Hospital to whom we 
are indebted. 
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THE USE OF AN OBJECT SORTING TEST IN ELUCIDATING 
THE HEREDITARY FACTOR IN SCHIZOPHRENIA 


BY 
N. McCONAGHY 
From St. Ebba’s Hospital, Epsom 


Much evidence is now available as to the impor- 
‘ance of the hereditary factor in the causation of 
schizophrenic psychoses. However, the mode of 
inheritance still remains doubtful, Luxemburger 
and Kallmann favouring a recessive, and Lenz a 
dominant type. Kallmann has consistently advanced 
the theory that a specific recessive gene transmits 
the disorder, but that its effects can be successfully 
resisted by a “non-specific and certainly multi- 
factorial type of secondary genetic mechanism” 
(Kallmann, 1952). He further considers that 

“the factor for schizophrenia, even though recessive, 

may sometimes be expressed in a merely heterozygous 

condition, but only to the extent of schizoid per- 
sonality changes. . . . Schizoid types may be either 
heterozygote with little resistance to an intermediate 


expressivity of their single gene, or strongly resistant 
homozygotes” (Kallmann, 1946). 


If this theory is correct, both the parents of schizo- 
phrenics must be either heterozygous or homozygous 
with respect to this gene, and so may show these 
schizoid personality changes. It was therefore 
considered that it would be of interest to investigate 
the possibility that the parents of schizophrenics 
show schizoid features more commonly than a 
control population. 


The Schizoid Personality 
Kallmann himself leaves the concept of the 
“schizoid personality’’ undefined. Noyes (1953) 
describes it as 
“marked by incongruities of the feeling-life coupled, 
characteristically, with a poorly socialized persona- 
lity. ... Its contrasting affective poles are sensitiveness 
on the one hand and dullness or coldness on the 
other. . . . Often it is not clearly differentiated from 
the cyclothymic, between which and the schizoid there 
is a sliding scale.” 
Mayer-Gross, Slater, and Roth (1954) agree that 
this personality 
“has as its main characteristic the quality of shyness, 
extreme sensitivity, sometimes apparent emotional 
coldness . . .”, but note in addition “tendencies 
towards a paranoid or fanatic attitude, towards the 
bizarre, eccentric or socially inappropriate modes of 
behaviour.” 
Henderson and Gillespie (1956) identify the schizoid 


with the “‘shut-in”’ personality and quote Farrar as 
distinguishing five main types: 

**(1) The backward type, lacking ambition, absent- 

minded; (2) the precocious type, bookish, serious; 

(3) the neurotic variety, selfish, and deceitful . . . with 

minor ailments; (4) the asocial, seclusive and day- 

dreaming; and (5) the juvenile, which never seems to 
grow up.” 

Though there is a considerable amount of agree- 
ment between the above definitions, utilizing them 
to decide whether a “schizoid personality” was 
present or absent in any particular person would 
be somewhat subjective. A more objective method 
of assessment was therefore sought for. For this 
reason a finding of Rapaport (1945) was followed 
up. He was investigating the performance of a 
clinical and a control group on a sorting test, and 
noted that by restricting his scoring to certain 
features he most clearly separated the schizo- 
phrenic from other clinical groups. But then a 
high percentage of persons in the control group 
with a “schizoid personality” also scored within 
this range of abnormality. Though he does not 
define what he means by “schizoid personality”, he 
indicates that it includes persons with a “limited 
range of interests, a tendency toward some degree 
of withdrawal, an unusual lack of colourfulness . . .” 
This appears to share sufficient features with the 
above definitions to be accepted as the same concept. 

It was therefore considered that a sorting test 
might provide a means for objectively estimating 
the presence of schizoid features in the personality. 


Sorting Tests 
The sorting test was first introduced by Vigotsky 
to study thought disorder in schizophrenia. Its 
rationale is described by Rapaport (1945): 
“Sorting behaviour, in response to the instruction to 
‘put together those objects which belong together’ is 
an expression of concept formation. Sorting be- 
haviour, wherein the subject compares objects that 
belong to the realm and objects that do not belong to 
the realm, gives the examiner an opportunity to assess 
how rigid and concrete (narrow), or how fluid, vague, 
and over-generalized (loose), the concept formation 
of the subject is. 
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However, the sorting tests have not been found 
of sufficient value by psychiatrists to have attracted 
widespread interest. This may be for two reasons. 
One is that the workers who utilized these tests in 
the study of thought disorder tended to ignore the 
clinical findings in this field, and employed rather 
the conclusions of Goldstein (1944) and Kasanin 
(1944) that in schizophrenia there is usually a 
reduction in abstract thinking and a tendency to 
think in more concrete terms. Yet when we examine 
the original work of Bleuler (1951), we find him 
advancing a different concept: 

“In schizophrenia the associations lose their con- 

nections. This disorder may interrupt a few, many, 

or most of the thousands of threads which direct our 
thoughts. As a result thought becomes unusual and 
often logically false. . . . Naturaily no fruitful train of 
thought can come of associations based merely on 
habit, similarity, subordination, causality, and so 
forth; it is the goal-presentation that shapes a series 
of concepts into thought. . . . For example, the congept 
of water varies greatly with its context, as in chemisfry, 
physiology, shipping, landscape, flood, power supply 
and so on. Every one of these special concepts is tied 


to our ideas by a different thread: no healthy person _ 


thinks of soda-water when a flood is sweeping his 
house away, nor of buoyancy when he wants to quench 
his thirst. . . . In normal persons only those ideas 
come to the foreground which fit the context.” 

Again we find Noyes (1953) describing this thought 

disorder thus: . 

“Because of their origin in the unconscious, associa- 
tions are broken, are led into bypaths, are fragmented, 
incongruous, do not progress, or are joined together 
through common affects rather than through conscious, 
logical connections. . . .” a 
Hence it seems that the feature stressed by clinicians 


as found in this thought disorder is the presence of 
illogical, inappropriate, or irrelevant associations. 
When a method of scoring sorting test performance 
was employed which gave weight only to the degree 
of irrelevance of the responses, a significant corre- 
lation was obtained between this score and a clinical 
estimation of thought disorder in schizophrenics, 
based on this concept (Lovibond, 1954). Hence- 
forth when the term “thought disorder” is used in 
this article, it will be in this sense, i.e., thinking which 
contains illogical, inappropriate, or irrelevant 
associations. 

The other reason which may have contributed to 
the relative lack of value of this type of test may be 
precisely the one which makes it more useful in 
the present investigation, namely, that it indicates 
the presence of “schizoid” personality features 
rather than schizophrenia per se, as Rapaport’s 
finding quoted earlier suggests. 


The Present Investigation 
The hypothesis is tested that the performance of 
the parents of schizophrenics on the object sorting 
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test will differ significantly from that of contro 
normals, in the direction of the performance o 
schizophrenics. 


Description of the Test.—The sorting test employe: 
was that described by Rapaport (1945). The test materia 
consists of 33 common objects: a real and an imitatio: 
(miniature, plastic) knife, fork, and spoon, a pipe, ; 
cigar, a Cigarette, a red ball, a lock, etc. 

The test itself has two parts. In the first part th 
subject is required to place with each of seven initia 
objects “all of those objects which belong with it’. 
After he has completed his sorting he is asked, “Why do 
all these belong together?” In the second part the 
examiner consecutively places before the subject 12 
different groups of objects, each group having a differen: 
essential characteristic in common, i.e., they are all 
tools, toys, eating utensils, etc. The subject is asked 
each time, “Why do all these belong together?” The 
subject’s grouping in the first part and his verbal re- 
sponses in both parts are recorded. 


Administration.—To retain comparability with the 
results of Lovibond, the test was administered in accor- 
dance with the instructions of Rapaport, with the 
additions introduced by Lovibond (1954). 


Method of Scoring.—The method referred to above 
was employed in which only the degree of irrelevance 
of the response is scored. In brief, if the subject’s reason 
as to why the group of objects belonged together was 
applicable to, or could be extended to, approximately 
half of the remaining test objects, it was regarded as at 
the first level of irrelevance and scored one point. For 
example, if he said that all the paper objects belonged 
together because they are all inflammable, the property 
of inflammability is shared by about half of the remaining 
test objects. If his reason was applicable to, or could be 
extended to, all the remaining test objects, it scored 
two points. For example, the response “because they 
are all found in a house” applied to any grouping, could 
equally well apply to all the test objects. If his reason 
was applicable to, or could be extended to, all, or 
practically all, of the inanimate objects of the universe, 
it scored three points, for example, the response “because 
they all originally came gut of the ground”. It should 
be noted that failure to see a relationship, or the use of 
concrete reasoning, is not scored, and so does not 
penalize the subject. 

In the investigation referred to above, a score of more 
than 6 correlated significantly with the presence of 
“thought disorder” in schizophrenics determined clinic- 
ally; a score of 6 or less, with its absence. 


The Experimental Group.—This consisted of 20 parents 
of schizophrenic in-patients, both recently admitted and 
long-term (up to seven years as in-patients). The criteria 
for selection were: 

(1) The patient showed clinically the presence of 
“thought disorder”, as defined above. This might 
ensure a more homogeneous group of schizophrenics 
and more certain diagnosis. 

(2) Both parents were able and willing to underge 
testing, e.g., they were able to speak English fluently 
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A so they were “‘normal” in the sense that they were not 
h spital patients, were carrying on an occupation in the 
c mmunity, and were not apparently suffering from any 
fc -m of psychiatric illness. 


The Control Group.—The control group employed by 


L »vibond (1954) consisted of 45 subjects, “‘normal’’ in 
t! 2 sense defined above. 


Results 


A summary of the major characteristics of the 
e perimental and this control group, control’, is 
sown in Table I. 


TABLE | 


MAJOR CHARACTERISTICS OF EXPERIMENTAL 
AND CONTROL GROUPS 





' No. of Each Sex | 


Age in Years Education 


in Years 


M. FP. 


Group 


Experimental 10 10 


Mean 47 





Mean 9-0 
Range 7/15 
Mean 8°8 
Range 7/15 
Mean 10-0 
Range 9/14 


n = 20 | Range 39/63 
Control’ . 30 15 
= 4 


Mean 26:1 
Range 16/50 
Mean 51:8 
Range 39/71 


n 4 
Control? 10 10 
n = 20 





It will be noted that there is a considerable dis- 
crepancy between the mean age of the experimental 
and control' groups. However, the experimental 
group are not of an age when senile changes would 
have taken place to any significant extent, and I 
have not noted any differences in patterns of 
“thought disorder’ between these age groups. Also 
Cameron (1944) concluded from his investigation 
that changes in thinking with age were distinct from 
the patterns found in “schizophrenic thought 
disorder”. 

To validate further the comparison of the per- 
formances of these two groups an additional control 
group was investigated, control*. A summary of 
the major characteristics of this group is also shown 
in Table I. It consists of 20 medical patients at or 
above the age of 39, chosen at random by the 
charge nurses of a male and a female ward in a 
London general hospital. 

A comparison of the performance of these two con- 
trol groups on the sorting test is shown in Table II. 


TABLE II 


RELATIONSHIP OF SCORES OF PERFORMANCE ON 
SORTING TEST OF TWO CONTROL GROUPS 





Control! Controi*® Total 


Scores of 6 or less 59 
Scores of more than 6 | 2 6 





| 6S 





As there is no significant difference between the 
performance of these two groups, their summated 
scores were employed in the comparison with the 
experimental group, as shown in Table IV. 
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The scores of the individual members of the 
experimental group are given in Table LII. 


TABLE III 


SCORES OF PARENTS OF SCHIZOPHRENICS WITH 
“THOUGHT DISORDER” ON SORTING TEST 





Patient Mother Father 





COeCAIDUSWN— 





It will be noted that in each of the 10 cases at 
least one parent had a score above 6, that is, a score 
which in schizophrenic patients correlated signi- 
ficantly with the presence of clinical ‘thought 
disorder”. The significance of this finding was 
investigated by testing its relationship with the 
distribution of scores in the normal control group, 
as shown in Table III 


TABLE IV 


RELATIONSHIP OF SCORES OF PERFORMANCE ON 
SORTING TEST IN PARENTS COMPARED WITH CONTROLS 





Parents 


Controls 


Total 


Scores of 6 or less 67 
Scores of more than 6 18 








Pp < 0-001 (2 tailed). 


The X®? test with Yates’ correction for small 
numbers shows the probability of the above groups 
having come from the same population is less than 
0-1%. We can therefore conclude that the scores of 
parents of schizophrenics with “thought disorder” 
on the sorting test differ from those of control 
normals in the same direction as do those of the 
schizophrenic patients themselves. 


Discussion 

As this tendency to score highly on Rapaport’s 
sorting test is found in a high percentage of the 
parents of schizophrenics as well as in schizo- 
phrenics themselves, it seems that this score may 
provide an objective measure of certain aspects of 
the “schizoid personality”. If this is so, the finding 
of a score indicative of ‘“‘schizoid’’ features in at 
least one of the two parents of every patient investi- 
gated would support Kallmann’s concept quoted 
in the introduction, viz., that the presence of the 
gene producing schizophrenia may be indicated in 
those people who successfully resist the disease by 
the production of a “schizoid personality”. The 
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finding that the significant score was present in one 
parent in all cases, but in both only twice, might 
suggest a dominant rather than a recessive mode 
of inheritance. To take this as more than suggestive 
would be extremely rash, but it is worth following up. 
If confirmed, the discrepancy with Kallmann’s con- 
clusion might be explained by the more homo- 
geneous nature of the schizophrenic patients 
investigated, only those with clinical “thought dis- 
order” being selected. Mayer-Gross et al. (1954) 
suggest that the heterogeneity of schizophrenia may 
be one of the factors responsible for the present 
conflict of views as to the mode of inheritance of 
this disease. 

It is of interest to speculate on the actual nature 
of the condition we are measuring with this test. 
Rapaport’s statement that “sorting behaviour... . 
is an expression of concept formation” would seem 
an acceptable one. When the scoring of perfor- 
mance on a test of sorting behaviour is restricted 
solely to the degree of irrelevance of the responses, 
it seems likely that we are dealing with an abnor- 
mality of concept formation in those people who 
score highly. That such an abnormality could 
contribute to the “bizarre, eccentric, or socially 
inappropriate modes of behaviour’ (Mayer-Gross 
et al., 1954) found in the “schizoid personality” is 
fairly certain. 


N. McCONAGHY 


Summary 

A significant number of parents of schizophreni.s 
with “‘thought disorder’ were found to obtan 
scores on the sorting test of Rapaport (1945) differe it 
from those of control normals but similar to tho.e 
found in schizophrenic patients. 

It is suggested that this test may provide in 
objective means of estimating the presence of 
**schizoid” features in the relatives of schizophrenics, 
and thus aid in the elucidation of the hereditary 
factors in schizophrenia. 
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A CLINICAL AND BIOCHEMICAL STUDY OF A 
TRIAL OF IPRONIAZID IN THE TREATMENT OF DEPRESSION 


BY 
C. M. B. PARE and M. SANDLER* 
From Bethlem Royal and Maudsley Hospitals, London, and the Royal Free Hospital School of Medicine, London 


Iproniazid (isopropylisonicotinic acid hydrazide) 
is a compound with a marked antibacterial action 
against M. tuberculosis. Although a number of 
clinical trials have shown it to be effective against 
tuberculosis, side-effects are common, so that it 
has been largely superseded by the relatively non- 
toxic Compound, isoniazid. As one of the more 
frequent of these side-effects is euphoria, several 
groups of workers have given iproniazid empirically 
to depressed patients and reported improvement. 

There has been much speculation about the 
mechanism by which this benefit might be obtained 
but little direct corroborative evidence. It is known 
that iproniazid has a marked inhibitory action on 
monoamine oxidase (Zeller and Barsky, 1952), the 
enzyme largely responsible for inactivation of 
5-hydroxytryptamine (SHT) (Sjoerdsma, Smith, 
Stevenson, and Udenfriend, 1955). A proportion 
of the naturally occurring catechol amines are also 
inactivated by this mechanism (von Euler, 1956). 
In the experimental animal, it has been shown that 
changes in the brain concentration of SHT and 
catechol amines are associated with alterations in 
the behaviour of the animal. Thus, the decrease in 
brain concentration of these substances obtained 
after treatment with reserpine results in behaviour 
compatible with a state of depression (Brodie, 
Pletscher, and Shore, 1955; Carlsson, Lindquist, 
Magnusson, and Waldeck, 1958), whilst an increase, 
obtained by administration of a precursor substance, 
leads to excitement (Bogdanski, Weissbach, and 
Udenfriend, 1958; Carlsson ef al., 1958). Iproniazid 
similarly leads to increased brain levels, with 
associated excitement (Spector, Prockop, Shore, 
and Brodie, 1958). 

In man, reserpine has a tendency to induce a state 
of depression (Lemieux, Davignon, and Genest, 
1956; Deshaies, Richardeau, and Dechosal, 1957), 
and also liberates SHT from its binding sites in 
platelets (Carlsson, Shore, and Brodie, 1957), 
iltthough there have been no direct observations on 
rain tissue. Conversely, iproniazid, which may 
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cause euphoria, causes increased concentrations 
of SHT in human platelets (Pletscher and Bernstein, 
1958). Furthermore, electroconvulsive therapy is 
established as a method of treatment for depression 
in psychiatric practice, and in animals temporarily 
increases the concentration of SHT in the brain but 
not in other organs (Garattini and Valzelli, 1957). 

Although there is no evidence to suggest that the 
depressive illnesses seen in clinical practice are due 
to a deficiency of 5HT or catechol amines, it is not 
unreasonable to postulate that any improvement 
obtained with iproniazid may be connected with 
altered concentrations of these substances. Despite 
some enthusiastic reports, the degree of benefit 
that can be obtained is difficult to assess from the 
literature, for, so far as we are aware, no attempt at 
a controlled trial has yet been published. 

The present investigation was, therefore, designed 
to answer the following questions :— 

(1) Does iproniazid benefit patients with depres- 
sion ? 

(2) If so, can the patients who respond be dif- 
ferentiated clinically or biochemically from those 
who do not? 

(3) In patients who respond to iproniazid, is the 
benefit due to changes in the concentrations in the 
brain of SHT or of catechol amines? : 


Method 

Fifty patients with depression (Table 1) who had been 
considered suitable for electroconvulsive therapy were 
given iproniazid in doses of 150 to 450 mg./day for 
periods varying from two to 40 weeks. Placebo was 
substituted in certain cases. The first few patients were 
also given reserpine, 14 to 44 mg./day, seven to 10 days 
after starting iproniazid : this was found to be unnecessary 
and was discontinued. The degree of depression was 
assessed by weekly rating scales which were completed 
by the registrar in charge of the case, who was unaware 
when placebo tablets were being used (Table II). Patients 
were said to respond to iproniazid if the depression 
improved with treatment, relapsed when placebo was 
substituted, and improved again when iproniazid was 
reintroduced. Patients who improved with iproniazid 
but did not relapse when placebo was substituted had 
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TABLE I 
50 CASES OF DEPRESSION TREATED WITH 
IPRONIAZID 





Improve- | 
Coinci- ment | 
dental | dueto Not 
Improve- Iproni- Improved 
ment | azid 





Number of patients 14 12 24 

Age (yr.): Mean 53-5 44-7 49-6 
Range | 43-64 30-58 33-67 

Sex 7M. 7F.| 3M. 9F. 

Hospital status (in-patient) 1 7 17 

Family history of depression l 1 5 

Previous depressive illness 11 5 Il 

No depressive illness before 

age 45 
Length of present illness 


0 


4 9 
74 months | 21 months 
(12 exc. 
2 cases) 


3 
8 months 


Mean rating of depression 
(Table II) 3 2:7 3 
Adverse prognostic features 
(marked hypochondriasis or 
depersonalization) 
Aetiological factors of impor- 
tance: 
Physical 
Constitutional 
Environmental 





TABLE II 
RATING SCALE 





Mental Condition Rating 


Depression 





0 Marked (actively wishes to die or no interest 
in living) 
1 Mild 
2 Not depressed 
3 Elated 


Retardation 


0 Marked (needs constant nursing attention 
or encouragement to fulfil essential per- 
sonal needs) 

1 Mild 

2 Not retarded 

3 Overactive 





Interest in social 0 Will not participate 
activities | Some participation with encouragement 
2 Willing but passive participation, e.g., 
spectator role 
3 Willing and active participation 





necessarily to be designated as “‘coincidental’’ improve- 
ment. 

Early morning specimens of urine were collected before 
and at weekly intervals after treatment was started. 
5-Hydroxyindoleacetic acid (SHIAA) was estimated as 
mg./g. creatinine by the method of Udenfriend, Titus, and 
Weissbach (1955). Creatinine was measured by a 
Lloyd’s reagent absorption method (Hare, 1950). The 
identity of the SHIAA was confirmed by the extraction 
procedure of Udenfriend et a/. (1955), followed by two- 
dimensional paper chromatography (Jepson, 1955). 


Results 
(1) Does Iproniazid Benefit Patients with Depres- 
sion?—Twenty-six of the 50 patients improved 
during treatment with iproniazid. Twelve of these 
were defined as having responded to iproniazid and 
14 as having a “‘coincidental” improvement. Twenty- 


TABLE III 
RESULTS 





SN otha de ce kad ed ake hae nde ke bb 6haw eae 2¢ 
Improvement ‘‘due to iproniazid” 
“Coincidental” improvement 

RE Ae ree rr rer ere ree 2: 





four patients did not improve (Table III). The 
improvement in patients defined as having responded 
to iproniazid usually began during the second and 
third weeks of treatment and this delay was not 
shortened by increasing the dose of the drug. There 
appeared to be no advantage in giving iproniazid 
in doses greater than 200 mg./day. On the other 
hand, some patients relapsed on dosage lower than 
150 mg./day. 

Side-effects of iproniazid at the dosage used in 
the present investigation were common. The most 
frequent were increase in weight, fluid retention, 
hypotension and postural hypotension, palpitations 
and throbbing headache, hesitancy of micturition, 
and impotence. The increase in weight was some- 
times marked, up to 2 st. in two months. Studies 
with *4Na have shown that this weight increase 
cannot be explained simply by water retention 
(Gibbons, J. L., and Pare, unpublished results). In 
this series there were no cases of peripheral neuro- 
pathy. One of the patients in our series died from 
acute hepatic necrosis (Pare and Sandler, 1959). 
When it became known that liver damage occasion- 
ally follows administration of the drug, standard 
tests of liver function were carried out routinely in 
24 patients. Serum bilirubin, thymol turbidity, 
zinc sulphate turbidity, alkaline phosphatase, and 
serum proteins showed no significant abnormality. 
Estimation of serum glutamic-oxaloacetic trans- 
aminase activity which has recently come into 
extensive use as an index of hepatocellular damage 
was also carried out in 29 patients and showed 
significant changes in nine of them (Pare and 
Sandler, 1959). . 

By definition, patients who improved with ipron- 
iazid but did not relapse when placebo was sub- 
stituted, were termed “‘coincidental” improvements. 
In the group defined as having responded to ipron- 
iazid, there was no evidence that iproniazid cut short 
their depressive illness, but rather that it provided 
symptomatic relief. 


(2) Can Patients Responding to Iproniazid be 
Differentiated Clinically or Biochemically from 
Those Who Do Not?—Clinical assessment did not 
differentiate the patients who failed to improve with 
treatment either from patients who responded to 
iproniazid or from those who improved ‘“‘coinci- 
dentally” (Table I). Estimations of urinary SHIA/ 
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Fic. 1.—The effect of iproniazid on the weight and mental state ratings (Table II) in three typical patients. 
A. . Improvement due to iproniazid therapy. 
B. Improvement coincidental to iproniazid therapy. 
C. Not improved by iproniazid. 
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on 22 patients before iproniazid therapy appeared 
to differentiate between the groups (Table IV) and 
reached levels of significance when patients who 
responded to iproniazid were compared with those 
who did not. 


TABLE IV 


MEAN VALUES FOR URINARY 
5-HYDROXYINDOLEACETIC ACID (SHIAA) IN EARLY 
MORNING SPECIMENS OF URINE COLLECTED BEFORE 

IPRONIAZID THERAPY 





SHIAA 
(mg./g. creatinine) 
| 3040-50 } 
|P= <0-05 
4:540-75 > 


|P >0-1 
3:140-°86 


9 patients improved ‘“‘due to iproniazid” 








6 patients not improved with iproniazid 


7 patients improved ‘‘ccincidentally” to 
iproniazid therapy 


| 
| 





TABLE V 


MEAN VALUES FOR URINARY 
5-HYDROXYINDOLEACETIC- ACID (SHIAA) IN_ NINE 
PATIENTS BEFORE AND DURING ADMINISTRATION OF 

IPRONIAZID 


Mean SHIAA (mg./g. creatinine) 








~ Before iproniazid _ 3-7 





+ ees 
0-1 > Pp > 0-05 


During iproniazid 26 + 0-46 | 





Concentrations in urine of SHIAA from the nine 
patients examined before and during treatment 
were lower during iproniazid administration, al- 
though this fall did not reach statistical significance 
(Table V). No abnormal metabolites were seen on 
these chromatograms. 


(3) In Patients Responding to Iproniazid, is 
Benefit Due to Changes in Brain Concentrations of 
SHT, to Changes in Concentrations of Catechol 
Amines, or to Both?—In animals, both 5-hydroxytry- 
ptophan (SHTP) and 3, 4-dihydroxyphenylalanine 
(DOPA) are known to increase the brain con- 
centrations of SHT and catechol amines respectively 
(Udenfriend, Weissbach, and Bogdanski, 1957; 
Carlsson et al., 1958). It is not quite clear which 
particular catechol amine concentration is increased 
during DOPA administration. Carlsson, Lindquist, 
Magnusson, and Waldeck (1958) claim to have 
detected an increase in dopamine which, they state, 
is present in considerable concentration in rabbit 
brain. They could find no increase in noradrenaline. 
Shore and Olin (1958), however, state that nor- 
adrenaline makes up the greater proportion of brain 
catechol amines. 

Patients who were known to “respond” to 
iproniazid were given DL-SHTP and DL-DOPA by 
intravenous injection at intervals of at least a day, 
at the same time of the day, and in random order. 
Three patients were given the drugs in dosage of 
12:5 mg. while receiving iproniazid but during the 
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period of therapy before improvement was expectec . 
Three patients were given the drug in the absence « f 
iproniazid. In this group the dosage ranged fron, 
25 mg. of each drug in a single injection to 150 m;. 
S3HTP and 275 mg. DOPA, each over a 48-hour 
period. Neither clinical nor psychological asses:- 
ments (kindly done by Dr. J. C. Brengelmanr) 
demonstrated any alleviation of the depression by 
either drug. In addition, one patient was given 
SHTP and DOPA together, in doses of 12:5 mg. of 
each subcutaneously twice daily for 16 days. No 
improvement in the depression was noted clinically. 


Discussion 

A number of workers have used iproniazid in the 
treatment of depression (Smith, 1953; Ayd, 1957; 
Dally, 1958; Ferreira and Freeman, 1958; DeVerteuil 
and Lehmann, 1958; Symposium, 1958, on ipron- 
iazid), usually in a dosage of 100 to 200 mg./day. Of 
a total of 353 patients, 190 (54°) were said to have 
improved. Comparison with the present investiga- 
tion is difficult, as we studied only those cases of 
depression which were considered suitable for 
electroconvulsive therapy. However, taking the 
total number of patients in the present investigation 
who improved, whether “coincidentally” or in 
response to iproniazid, the 52% improvement 
compares closely with those reported by other 
workers. 

This alleviation from depression was bought at 
the price of side-effects which were pronounced and 
frequent and one patient died from acute hepatic 
necrosis. Although it is difficult to interpret the 
finding of a raised serum glutamic-oxaloacetic 
transaminase in almost 30% of our patients, we 
would suggest that any rise detected in routine 
weekly estimations should, in the present state of 
our knowledge, be treated as presumptive evidence 
of liver damage, and the drug be discontinued (Pare 
and Sandler, 1959)... 

In this investigation, as with others reported, there 
is a characteristic delay before improvement occurs. 
This delay is not shortened by increasing the dosage 
of iproniazid. The fact that neither SHTP, DOPA, 
nor a combination of these two drugs, alleviated the 
depression in patients who responded to iproniazid 
does not support the suggestion that the drug acts 
directly by increasing the brain concentrations of 
5HT or catechol amines. However, the SHTP and 
DOPA may have been given to our patients in too 
small a dosage or for too short a period of time, for 
the pre-treatment concentrations of urinary SHIAA 
tended to be lower in patients who subsequently 
improved. However, we were unaware at the time 
of the high concentration of S5HT in bananas 
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' Anderson, Ziegler, and Doeden, 1958) which were 
ot excluded from the patients’ diet. Our readings 
‘yay not, therefore, be a true index of endogenous 
HT metabolism. 
One of the many possible explanations of its 
ction is that iproniazid allows the diversion of 
ortain metabolic processes through alternative path- 
ays. In animals given large doses of iproniazid, 
Veissbach, Redfield, and Udenfriend (1958) reported 
vat an O-glucuronide conjugate of SHT appears in 
ie urine, but this detoxication product is likely to 
be inert. In the present investigation, and using 
:auch smaller doses of iproniazid than those used in 
unimals by Weissbach et al. (1958), we were unable 
\o find any abnormal metabolites. 

Perhaps of most interest is the question whether 
iproniazid is a general euphoriant or whether it 
acts only on patients whose depression is due to a 
specific metabolic abnormality which has yet to be 
identified. The striking response to iproniazid 
noted in some patients compared with the apparent 
ineffectiveness of the drug in others suggests that the 
latter may be true. 


Summary 


A controlled trial of iproniazid on 50 patients 
with depression showed that 26 of them improved 
and that the improvement in at least 12 of these was 
due to the drug. The danger of liver damage was 
stressed. 

An attempt was made to differentiate these groups 
and to determine the mode of action of iproniazid 
in those patients who responded. Methods used 
included parenteral administration of 5-hydroxy- 
tryptophan and 3, 4-dihydroxyphenylalanine and 
assessment of urinary 5-hydroxyindole excretion. 


We are grateful to Professor A. J. Lewis and the 
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physicians at the Bethlem Royal and the Maudsley 
hospitals for their cooperation in this trial; to Miss 
Lilith Emslie and Miss Doreen Crabtree, Royal Free 
Hospital, for skilled technical assistance, and to the 
Royal Free Hospital Endowment Fund and Roche 
Products Limited, for defraying their respective salaries; 
we are also grateful to Dr. J. Marks of Roche Products 
Limited for a generous supply of “‘marsilid”’ tablets and 
placebo, and for his advice. 
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A CEREBROSPINAL FLUID BANK* 


BY 


HAROLD C. VORIS and PETER J. TALSO 


From Mercy Hospital and the Stritch School of Medicine of Loyola University, Chicago, Illinois, U.S.A. 


It has been found relatively simple to establish a 
cerebrospinal fluid bank. Spinal fluid removed at the 
time of pneumoencephalography may be preserved 
under sterile conditions by freezing and later used for 
replacement of cerebrospinal fluid lost at operation. 

The importance of the composition of solutions 
used to irrigate the brain or replace lost cerebro- 
spinal fluid has been known for a long time. Forty 
years ago, Flexner and Amoss (1917) showed that 
intraspinal injection of normal saline, Ringer’s or 
Locke’s solutions increased the susceptibility of 
monkeys to polio virus while the reinjection of 
spinal fluid from other animals did not regularly do 
so and the reinjection of autogenous spinal fluid 
never did. Weed and Wegeforth (1919) reported 
that irrigation of the subarachnoid space in cats 
with a modified Ringer’s solution produced no 
apparent ill-effects while irrigation with normal 
saline produced severe disturbances, convulsions, 
states of acute mania, and often death. Kasahara 
(1924) studied the effect of different solutions on the 
spinal subarachnoid space of rabbits using the 
cerebrospinal fluid cell count as the criterion. He 
found that 0-6 to 0:7°% sodium chloride solutions 
were less irritating than other concentrations of 
saline. Ringer’s solution was less irritating than 
0:7°% saline and human cerebrospinal fluid was the 
least irritating of any substances used. 

In 1934, Hartmann reported a method of pre- 
paring an artificial spinal fluid which Sachs (1945) 
used for replacement of spinal fluid lost from the 
ventricles at the time of operations for hydro- 
cephalus. The preparation of this carefully buffered 
fluid required the preparation of two separate 
solutions which were separately sterilized and mixed 
just before using. Apparently the use of this fluid 
never became widespread, perhaps because of the 
technical difficulties of preparation. 

Elliott and Jasper (1949) studied the effects of 
irrigating fluids on the pial blood vessels of cats. 
They described the preparation of two sterile 
solutions for irrigation of the brain during operation 
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and the replacement of fluid lost from the ventricles. 
One of these was a modified Ringer's solution, the 
other closely resembled Hartmann’s solution but 
was more easily prepared. Lewis and Elliott (1950) 
later described the clinical use of this latter fluid, 
Solution B of Elliott and Jasper. 

It occurred to one of us (H.C.V.) that human 
cerebrospinal fluid removed at routine pneumo- 
encephalography might be kept sterile and preserved 
by freezing. An ample supply of such fluid would 
then be available for the replacement of fluid lost 
from the ventricles at operation and for the actual 
irrigation of exposed brain tissue during operation. 

Initial studies were performed on specimens of 
human spinal fluid collected at the time of pneumo- 
encephalography. These were frozen and stored for 
varying periods of time at — 10°C. Chemical analyses 
of the spinal fluid were made at the time of collection 
and aliquots were then taken for analysis at monthly 
intervals during the period of storage. Sodium and 
potassium concentrations were determined with an 
internal-standard type flame- photometer (Baird 
Associates), chloride by the method of Schales and 
Schales (1941), and pH with a Beckman pH meter. 
Total osmotic activity of the spinal fluid was deter- 
mined by the measurement of the freezing point 
depression (Fiske Associates). 

Table | summarizes the results obtained. In 
each case the first figures represent the values 
obtained at the time of initial analysis. Interim 
determinations performed at four-week intervals 
did not differ significantly. It will be noted that 
initially the values for the pH are higher than those 
usually observed in normal blood serum. This 
undoubtedly occurred because no precautions were 
taken to prevent the loss of carbon dioxide from 
the spinal fluid. On freezing and thawing the fluid 
at the time of later analyses the value for the pH 
rose further, probably because of a_ simila: 
mechanism with further loss of carbon dioxide. 


Technique 


Since the chemical and physical characteristics of the 
fluid did not appear significantly altered by freezing anc 
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prolonged storage, a cerebrospinal fluid bank has been 
developed for clinical use. Sterile plastic containers* of 
300 ml. volume made originally for the collection and 
storage of citrated blood are used for the collection of 
the fluid (Fig. 1). Pneumoencephalography is carried out 
with the patient in the sitting position (Fig. 2). After 
lumbar puncture has been performed, the manometric 
pressure is determined. A specimen of fluid is taken for 
routine laboratory examination and culture. Unless the 
fluid is grossly clear, no effort to collect it is made. 
Specimens of fluid which become contaminated by blood 
during collection are discarded. 

If it is decided to collect the cerebrospinal fluid for 
storage, a four-way Lundy stopcock shown in the 
diagram (Fig. 3) is attached to the lumbar puncture 
needle. A sterile connexion with a reservoir of O, gas 
is made. Another sterile connexion is made with the 
sterile plastic container and a fourth connexion with a 
sterile 10 ml. syringe. Now cerebrospinal fluid is with- 
drawn into the syringe in 5 to 10 ml. increments. These 
increments are injected into the storage container. 
Similar increments of O, are aspirated into the syringe 
and then injected into the spinal needle. The alternate 
aspiration of spinal fluid and injection of O, is carried 
out until the operator is satisfied that good visualization 
of the ventricles and subarachnoid spaces will be obtained 
‘adiologically. Usually 100 to 160 ml. of fluid is removed. 
‘he apparatus is then dismounted, the needle removed, 
nd the patient taken to the x-ray department for the 
isual radiological examination. 





*Fenwal Transfer Pack, catalogue number TA-2 manufactured 
y Fenwal Laboratories, Framingham, Massachusetts. 


FLUID BANK 
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1.—Photograph of 
apparatus used for 
collection of human 
cerebrospinal fluid. 
The plastic container 
for the fluid, the oxy- 
gen container, spinal 
puncture needle, four- 
way stopcock and 
connexions are 
shown. The 10 ml. 
Luer-Lok syringe is 
not shown. 


Fic. 2.—Photograph of patient and equipment for the collection of 
cerebrospinal fluid at the time of pneumoencephalography. 
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Fic. 3.- 
The 10 ml. Luer-Lok syringe is attached at (a). 


connects (c) to the spinal puncture needle. 


the plastic container. 


2 
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Cut-away diagram of Lundy four-way stopcock for the aspiration and collection of cerebrospinal fluid and the injection of oxygen 
A Luer-Lok adaptor is used to connect the oxygen container to (b). 
adaptor connects (d) to the plastic container for the cerebrospinal fluid. 


Another Luer-Lok 
A short segment of rubber tubing with two Luer-Lok adaptors 


The direction of rotation of the stopcock is shown above the cut-away diagram for each position 
Position i is used for the aspiration of fluid and the injection of oxygen. 


Position 2 permits the injection of fluid from the syringe into 


Position 3 allows aspiration of oxygen into the syringe. 


TABLE | 
COMPOSITION AND BACTERIAL STATE OF SAMPLES OF C:S.F. 





Na— 


Specimen 


Bel 
Bel 
Gut 
Gut 
Ruf 
Ruf 


7/18/56 


8/28/56 
12/7/56 


4/9/57 
6/4/57 





(m.Eq. /litre) 


K—- cl— Osmolarity 


(m.osm./litre) Culture 


281 
279 


No growth 
No growth 
271 
271 


No growth 
No growth 


270 
277 


No growth 
No growth 





The container of cerebrospinal fluid is labelled and 
placed in the freezer at —20°C. If any abnormalities 
are found on laboratory examination of the fluid or if 
the culture shows bacterial growth, the collected fluid is 
discarded. Otherwise it is kept until it is needed for use. 
At that time the container is removed from the freezer 
and the fluid thawed at room temperature. It is then 
emptied into a sterile basin and warmed to 100°F. in a 
water-bath. A culture is taken before the fluid is used 
for irrigation or replacement. If such a culture should 
show bacterial growth, sensitivity studies would be made 
and appropriate therapy instituted. To date such a 
contingency has not been encountered. 


The use of human cerebrospinal fluid in brain 
operations from a cerebrospinal fluid bank has 
proved practical. To date, there have been no 
complications. Human cerebrospinal fluid is 


superior to artificial fluids. Wherever a tissue bank 
is in operation, the collection and preservation of 
the fluid is simpler than the preparation of com- 
plicated solutions, even one as simple as Solution A 
of Elliott and Jasper (1949). On most neurosurgical 
services, an ample supply of cerebrospinal fluid can 
be obtained from patients subjected to routine 
diagnostic pneumoencephalography. 
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BOOK REVIEWS 


The Nature of Experience: Riddell Memorial Lectures, 
rhirtieth Series. By Sir Russell Brain. (Pp. 73. 8s. 6d.) 
London: Oxford University Press. 1959. 

Sir Russell Brain gave the Riddell Memorial Lectures 
at Durham University, and they are reprinted in this 
book. He recapitulates the reasons for believing that the 
external world is not as we perceive it, employing among 
other examples of this discrepancy, the amputee’s 
phantom limb, first quoted in this connexion by 
Descartes, and the perceptual changes that occur with 
mescaline. He comes down plainly in favour of the 
sense-datum view of perception, that an external physical 
world exists and that what we perceive is a private per- 
ceptual world constructed by the activity of our own 
brain. In the latter the physical world is modified not 
only by the multiplicity of coding and recoding of 
sensory information in the nervous system, but also by 
factors external to our bodies. For instance, due to the 
time taken by light to reach us, the stars of our perceptual 
world are very different both in space and time from the 
stars of the physical world. Sir Russell draws an apt 
analogy with radar in which the radar screen is regarded 
as analogous to the perceptual world. 

He finally explores the consequences of this view for 
the nature of art. He argues that a work of art is “an 
image of feeling”, that is, a physical embodiment of the 
feelings present in the artist’s perceptual world, and that 
it will create in others a perceptual object embodying 
to a greater or less extent the feelings in the artist’s 
perceptual world which led him to create the work of art. 
This theme is pursued and expanded, and used to explain 
and justify “*modern” art, both visual and poetic, and to 
consider some of the problems of religious experience. 

Sir Russell is, he says, very much aware of his amateur 
status as a philosopher. It is, however, essential that 
specialists in biological and physical sciences should 
make their contribution to philosophy, and it is possible 
that it will be in this way that philosophy regains its 
reputation as a subject with which every educated person 
must be acquainted. 


Clinical Neurophysiology. By John Marshall. 
viii + 296; 159 figures. 37s. 6d.) Oxford: Blackwell 
Scientific Publications. 1959. 

The dependence of neurology on the basic sciences of 
anatomy and physiology becomes very apparent when 
one tries to understand physical signs and a rational 
approach in therapy. Dr. Marshall’s book is a clear, 
straightforward account of those advances and trends in 
neurophysiology which significantly expand and clarify 
neurological knowledge. The chapters follow a fairly 
conventional pattern beginning with the nerve impulse 
and ending with the special senses. The facts are put 
together in such a way that one can always follow the 


(Pp. 


evolution of an idea, and the choice of illustrations from 
the literature is particularly successful. On the whole 
the book is well up to date but the chapters on the cerebral 
cortex are rather conservative and not particularly 
informative. 

Everyone interested in neurology will read this well 
produced book with great pleasure and profit even 
though it must be an interim report of a rapidly advanc- 
ing science. The book is intended for clinicians primarily, 
but senior medical students could derive from it much 
benefit and a clearer understanding of the science of 
neurology. 


Physiologie du Systeme Nerveux Central, 3rd ed. 
By Georges Morin. (Pp. 396; 104 figures. Fr. frs. 
3,400.-.) Paris: Masson. 1958. 

The third edition of this textbook has corrected several 
notable omissions of the previous editions: in particular, 
the role of muscle spindles in proprioceptive reflexes is 
at last discussed. 

This is a clearly written book on neurophysiology, and 
is well illustrated and attractively produced. It also keeps 
firmly in mind the needs of medical students, for whom 
the book is written, and its clinical sections are admirably 
done, including a short chapter on the E.E.G. 


Ein binauraler Hérsynthese-Test zum Nachweis zere- 
braler Hérstérungen. By J. Matzker; Foreword by 
H. Leicher. (Pp. x 117; 46 figures. DM 19.80.) 
Stuttgart: Georg Thieme. 1958. 

This monograph puts forward a proposal to apply 
binaural stimulation to the diagnosis of cerebral disorder. 
Dr. Matzker’s test consists in feeding to the two ears 
speech divided into two frequency bands so chosen that 
what is heard by each ear separately is unintelligible, 
while the combination of the two inputs can be under- 
stood by the normal individual. In practice the band 
from 500 to 800 c.p.s. is fed to one ear and that from 
1,500 to 2,400 to the other, all other frequencies being 
suppressed. It is argued that failure to effect the synthesis 
must be due to interruption or disturbance of the brain- 
stem and thalamic pathways by which stimuli from both 
ears are brought to converge on each half of the cortex. 

Results of the test on 750 neurologically normal 
subjects show a proportion of failures which varies with 
age. In children under 14, 34% fail, a percentage which 
drops to 2 or 3 between the ages of 20 and 60 and 
then rises rapidly into old age where over 90% of the 
subjects fail. The author accounts for this by the sup- 
position that in the old the essential ganglion cells 
degenerate, while in the young these midbrain pathways 
ure not yet “ground-in’’. As he rightly says, these find- 
ings demand that the test results on cases suspected of 
cerebral pathology be judged in accordance with the age 
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of the patient. Applied to patients exhibiting a variety of 
intracranial disorders, the test gave a positive result in a 
proportion of cases varying from 84%, for tumours, 
through 58 in hypertension to 30 in epilepsy. 

Unfortunately there is no evidence, only the author’s 
a priori conviction, that such failure has anything special 
to do with disturbance of the pathways responsible for 
convergence of the two inputs onto each hemisphere. 
The localized lesions in those cases where the pathology 
could be established were very variously situated. In 
only two cases so far, both of metastatic carcinoma, 
have brain-stem lesions been detected. In both the 
damage was microscopic, and naked-eye pathology was 
apparent elsewhere in the brain. The binaural test result 
cannot itself afford any lateral or other localizing 
indication, and the data from the pathological cases 
reported show only that cerebral disorder tends to disturb 
the capacity to synthesize two separate, individually 
unintelligible, auditory signals from the two ears. This 
is perhaps hardly surprising, considering how common it 
is to find that any stepping-up of the difficulty of a high- 
grade task imposed on a damaged cortex reveals its 
defect. It is also quite in keeping with the test results on 
young and old. This particular test seems to suffer from 
the disadvantage, not entirely shared by some others, 
that it is uninformative as to the whereabouts of the 
lesion. Nevertheless the idea of using binaural stimulation 
in the study of cerebral disorder is a stimulating one, and 
for his emphasis on this we may be grateful to Dr. 
Matzker. 


Pathogenesis and Treatment of Parkinsonism. 6th 
Annual Scientific Meeting of the Houston Neurological 
Society, Texas. Compiled and edited by W. S. Fields. 
(Pp. x + 372; illustrated. 81s.) Oxford: Blackwell 
Scientific Publications; Springfield, Illinois: Charles C. 
Thomas. 1958. 

This book, a verbatim report of a symposium by 24 
authors, sets out to deal with the pathogenesis and 
treatment of Parkinsonism. The greater part of it is 
devoted to the techniques, results, and neurophysiological 
implications of artificially produced lesions in the region 
of the basal ganglia in man and in animals. 

The first half of the book presents the known facts of 
animal experiment, namely that tremor and rigidity may 
be produced with difficulty in some animals by lesions, 
either stimulating or destructive, of the midbrain 
tegmentum and may be abolished by destructive lesions 
of the globus pallidus or corticospinal tracts. On these 
facts are based a number of interesting and ingenious 
theories, notably by Ward, on the site and mode of 
production of tremor and rigidity. 

The second half of the book is a valuable review of the 
various surgical methods, past and present, used in the 
relief of Parkinsonism with a thoughtful chapter on 
selection for surgery by Schwab. Cooper’s preference is 
for neuropallidectomy or chemothalamectomy by the 
balloon-alcohol method and his results, based on over 
700 cases, including 50 bilateral operations, are impres- 
sive (symptomatic relief 80%; mortality 2-4°%; hemi- 
plegia 3%). Meyers reports a few cases treated with 
ultrasound, a method capable of producing small and 


precisely localized lesions. Even in the best hands on! | 
10 to 15% of patients with Parkinsonism are suitable fc - 
surgery and it is strange that drug treatment shoul | 
receive such scant attention. 


Biochemistry and the Central Nervous System, 2nd ex. 
By Henry Mcllwain. (Pp. vii + 288; 44 figures. 45s. 
London: J. & A. Churchill. 1959. 

This is the second edition, extensively revised, of this 


admirable book. Together with the author’s volume ou 


chemotherapy and the nervous system the two books 
form a most suitable and up-to-date review of the bio- 
chemistry of the central nervous system for neurologists 
and neurophysiologists. In this edition a quarter of the 
work quoted has been published in the last four years. 
The scope of the book is wide and such sections as those 
on hypoglycaemia, anticonvulsants, Wilson's disease, 
and the chapters on chemical factors in nervous trans- 
mission and depressants and excitants all provide 
concise information on subjects of direct interest to the 
clinician. The last chapter is on the brain and the body 
as a whole. We look forward in future editions to the 
proportionate increase in the length of this chapter 
relative to the rest of the book as the synthesis of know- 
ledge progresses. 


Biology of Neuroglia. Compiled and edited by William 
F. Windle. (Pp. xiv 340; 78 figures. 63s.) Oxford: 
Blackwell Scientific Publications; Springfield, Illinois: 
Charles C. Thomas. 1958. 

The increasing attention being given to the function 
of neuroglia cells is reflected in this report of a ““Con- 
ference on the Biology of Neuroglia” which was held in 
March, 1956. The volume is a very fine production with 
wonderful illustrations, and will be invaluable to those 
who wish to know what is happening in this remarkable 
field of research. 


Nourishing Brain Cells. By C. E. Lumsden. (Pp. 23: 
14 figures. 2s. 6d.) Leeds University Press. 1959. 

This is Professor Lumsden’s inaugural lecture. He 
gives an interesting account of what is known of the 
function of the neuroglia. 


Le Syndrome de Guillain-Barré. By R. Coirault, 
A. Larcan, and P. Davidou; Foreword by Prof. P. 
Garcino. (Pp. 200. Fr. fr. 2,000.-.) Paris: Masson. 
1958. 

This book reviews the clinical and aetiological features 
of 46 cases of the Guillain-Barré syndrome. As the 
authors repeatedly stress, all their cases had acute 


polyradiculoneuritis with increased albumin content of 


the cerebrospinal fluid and no increase in the cell content. 
The authors argue that the picture of the Guillain-Barre 
syndrome has been confused, especially in the “Anglo- 
Saxon literature’, by reports that include under this 
name transitional or even frankly distinct disorders 
They believe that “idiopathic” cases are less common 
than secondary cases, and give as possible causes physica! 
agencies, including fatigue and infections due to leptospira 
as well as viruses and bacteria, and occasionally even 
blood diseases. From the multiplicity of the apparen! 
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causes they conclude that the aetiology may not be 
identical in every case even if the pathogenesis is the 
same. 


Sequelae of Primary Aseptic Meningo-encephalitis. 
By Ragnar Miller, Ingvar Nylander, Lars-Erik Larsson, 


Lennart Widen, and Marianne Frankenhaeuser. (Pp. 
115; illustrated.) Copenhagen: Ejnar Munksgaard. 
1958. 


This short monograph reviews 238 cases, children and 
adults, of aseptic meningo-encephalitis, and compares 
them with a control group of 138 matched patients who 
have not had the disease. The patients had a slightly 
greater number of headaches and E.E.G. abnormalities, 
and two had epilepsy, tonic pupils, and endocrine dis- 
orders respectively. In a few adults mild mental symptoms 
(lack of concentration and affective disorders) were noted. 
On the whole, however, no permanent sequels seemed to 
follow the disease, which can therefore still be described 
as benign. 


Differentialdiagnose Neurologischer Krankheitsbilder. 
Edited by G. Bodechtel. (Pp. xxviii +- 975; 533 figures. 
DM. 120.-.) Stuttgart: Georg Thieme. 1958. 

Neurology is by tradition more an exercise in diagnosis 
than anything else, but this tradition is changing so 
quickly that it is somewhat surprising to receive this 
monumental work on differential diagnosis alone. The 
size of the book and the 12 contributors indicate the 
wonderful thoroughness with which the field has been 
covered. 

The painstaking inclusion of every possible lesion 
makes this a most useful work of reference for the 
practical physician. Thus, as an example, under poly- 
neuritis, there are nearly 90 sub-headings in the index. 
The many hundreds of illustrations are of exceptionally 
fine quality, and must represent the collection of a life 
time. 

This type of book is of course of only limited interest 
to the research worker as the references are often inade- 
quate, but there is no pretence here of adding to existing 
knowledge, only an enormous accumulation of infor- 
mation which is clearly of very great practical value. 


Emergency War Surgery. Nato Handbook. Prepared 
for use by the Medical Services of Nato Nations. (Pp. 
411; 18 figures. $2.25.) Washington, D.C.: United 
States Government Printing Office. 1958. 

This important publication will be of great value not 
only to the Services but to all concerned with training 
doctors and laymen for civil defence. 


Sensorische Aphasien und Amusien auf myeloarchi- 
tektonischer Grundlage. By K. Kleist. (Pp. viii + 45; 
47 figures. DM 16.80.-.) Stuttgart: Georg Thieme. 1959. 

In this book the architecture of the cerebral cortex 
concerned with the sensory side of speech is considered 
in detail. Then a few cases of sensory aphasia are con- 
sidered in which the brain has been studied carefully by 
serial section. 
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Medulloblastoma. By Benjamin L. Crue, Jr. (Pp. x + 
206; 16 figures. 43s) Oxford: Blackwell Scientific 
Publications; Springfield, Illinois: Charles C. Thomas. 
1958. 

One fourth of all brain tumours in children are 
medulloblastomas. Treatment is of limited value but in 
the older age groups long periods of survival have been 
reported. To the author of this monograph this type of 
tumour is both a challenge and a hobby. He feels that 
this tumour should throw light on problems of neoplasia 
in general. With 400 references he has provided a useful 
collection of information about the subject. 


The Central Nervous System and Behaviour. Transac- 
tions of the First Conference, 1958. Edited by Mary 
A. B. Brazier. (Pp. 450; 168 figures. $5.25) New York: 
Josiah Macy, Jr. Foundation. 1959. 

These transactions are of special interest for the 
authoritative and beautifully illustrated account of the 
development of Russian neurophysiology. 

The present day work described in this field includes 
the demonstration of conditional reflexes by direct stimu- 
lation of the brain. 


Minds Matter. A New Approach to Mental Health. 
By Beryl P. Cooper. (Pp. 62. 2s. 6d.) London: Published 
by the Conservative Political Centre on behalf of the 
Bow Group. 1958. 

The Bow Group is a group of younger Conservatives 
who cooperate in research on political problems. In 
this pamphlet, the subject is the mental health services, 
and the author, a former hospital secretary, gives her 
recommendations. These are: 

(i) That certification should be abolished. 

(ii) That new hospital buildings should be “‘day” and 
“night” hospitals on the lines of the Worthing experi- 
ment. 

(iii) There should be a decentralization of administra- 
tion, and hospitals should receive five-year block grants 
for maintenance rather than the annual grants they 
receive at present. 

In a pamphlet of this nature, there is much that one 
can agree with and much that would work better in 
theory than practice; but all in all the author argues her 
case well, and the book will serve a useful purpose if it 
stimulates the interest of the public in the problems of 
mental health. 


Psychopathic Personalities, 9th ed. By Professor Kurt 
Schneider; Translation by M. W. Hamilton, Foreword 
by E. W. Anderson. (Pp. xiv 163. 18s.) London: 
Cassell. 1958. 

The Department of Psychiatry of the University of 
Manchester has rendered this country a notable service 
in making this translation available. Professor Schneider’s 
work is a classic of German psychiatry, and is a standard 
educational text in many countries. British psychiatry 
has suffered from the fact that it has not been a text 
here, so that much of the teaching to which the student 
is subjected is open to fundamental criticisms. The 
principal error which the British psychiatrist makes is 
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to try to identify the concept of psychopathic personality 
with one or more clinical syndromes. 

Schneider himself made a great advance when he 
brought psychopathic personality into relation with 
normal variation. In his textbook he clarifies concepts 
with the aid of this idea, but eventually has to abandon 
it for descriptive purposes. Only because they are not 
readily applied in practical work, he finds it necessary 
to criticise the systematic typologies of Gruhle, Kahn, and 
others. His general discussion of typologies is most 
informative and valuable. 

In the last part of his book he gives an account of some 
10 different varieties of psychopath, with excellent 
clinical descriptions. It is a pity that from this part of 
the work the student might derive the idea that these 
types are anything better than descriptive aids, and that 
qualitative rather than quantitative differences might be 
found between them. 


BOOKS RECEIVED 


(Review in a later issue is not precluded by notice here of books 

received.) 

Die Entfremdungserlebnisse. By Joachim-Ernst Meyer. 
(Pp. viii + 64. DM 12.60.) Stuttgart: Georg Thieme. 
1959, 

Surgery in World War II: Neurosurgery, Vol. I. 
Prepared and published under the direction of Major 
General S. B. Hays; Editors for Neurosurgery R. Glen 
Spurling and Barnes Woodhall, with the assistance of 
Elizabeth M. McFetridge. (Pp. xix + 466; 130 figures. 
$5.00.) Washington, D.C.: Walter Reed Army Medical 
Center. 1958. 

Neuroftalmologia. By P. Ottonello and G. W. Vassura. 
(Pp. 611; 149 figures. Lira 15,000.) Bologna: L. Cappelli 
Editore. 1959. 

Diagnostic des Lésions Intra-Craniennes par les Radio- 
Isotopes (Gamma-encéphalographie). By Thérése Planiol; 
Foreword by Prof. D. Petit-Dutaillis. (Pp. 258; 153 
figures. Fr. fr. 5,000.-.) Paris: Masson et Cie. 1959. 

Recent Progress in Psychiatry, Vol. III [Journal of 
Mental Science]. Edited by G. W. T. H. Fleming and 
A. Walk. (Pp. 397. 42s.) London: J. & A. Churchill. 
1959, ; 

Symposia on Child and Juvenile Delinquency [pre- 
sented at the American Orthopsychiatric Association}. 
Edited by Benjamin Karpman. (Pp. 364 + Index; 
illustrated. $10.00.) Washington: Station L. 1959. 

Mental Iliness in London. By Vera Novies. (Pp. 317; 
11 figures. 35s.) Published for the Institute of Psychiatry 
by Chapman & Hall, London. 1959. 

Les Médicaments du Systéme Nerveux Cérébro-Spinal. 
Edited by F. Mercier. (Pp. 573; 25 figures. Fr. Fr. 
5,800.-.) Paris: Masson et Cie. 1959. 
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Ataractic and Hallucinogenic Drugs in Psychiatry 
Report of a Study Group [Wild Hlth Organ. Tech 
Rep. Ser. No. 152]. Pp. 72. 3s. 6d.) London: H.M.S.O. 
Geneva: WHO. 1958. ; 

Pain, 2nd ed. By Harold G. Wolff and Stewart Wolt 
(Pp. 121; 20 figures. 32s. 6d.) Oxford: Blackwel 
Scientific Publications. 1958. 

The Innervation of Muscle: A Biopsy Study. By C 
Coérs and A.L. Woolf. (Pp. xv + 149; 281 figures. 42s.) 
Oxford: Blackwell Scientific Publications. 1959. 

Curare and Curare-Like Agents [Proceedings of Inter- 
national Symposium, Rio de Janeiro, 1957, under the 
auspices of UNESCO}. Edited by D. Bovet, F. Bovet 
Nitti, and G. B. Marini-Bettolo. (Pp. xi + 478; heavily 
illustrated. 85s.) London: D. Van Nostrand. 1959. 

Nurse-Patient Relationships in Psychiatry, 2nd ed. 
By Helena Willis Render and M. Olga Weiss. (Pp. 
vii + 319. 46s.) New York—London—Toronto: 
McGraw Hill Publishing Co. 1959. 

Electromyographie dans les Maladies Nerveuses et dans 
le Cryptotétanie. By N. Rosselle, with the collaboration 
of K. de Doncker, P. Jolie, and S. Ligot. (Pp. 159; 183 
figures. Bel. frs. 200.-.) Louvain: Editions Nauwelaerts. 
1958. 

Practical Handbook of Psychiatry for Students and 
Nurses, 4th ed. By L. Minski. (Pp. 152. 7s. 6d.) 
London: Heinemann. 1959. : 

The Nature of Stress Disorder [Conference of the 
Society for Psychosomatic Research, May, . 1958]. 
Foreword by J. Hambling; Preface by C. Newman. 
(Pp. 298; 16 plates, 21 figures. 25s.) London: Hutchin- 
son Medical Publications. 1959. 

Involutional Melancholia: An etiologic, clinical and 
social study of endogenous depression in later life, with 
special reference to genetic factors. By Ake Stenstedt. 
(Pp. 71.) Copenhagen: Ejnar Munksgaard. 1959. 

Dégénérescence Hépato-Lenticulaire. By Georges 
Boudin and Bernard Pepin; Foreword by Prof. Th. 
Alajouanine. (Pp. 250; 46 figures, 1 colour plate. Fr. 
frs. 3,500.-.) Paris: Masson et Cie. 1959. 

Geniale Menschen, Sth ed. By Ernst Kretschmer. 
(Pp. viii + 311. DM 36.-.) Berlin—Gottingen—Heidel- 
berg: Springer Verlag. 1958. 

The Effect of Advancing Age upon the Human Spinal 
Cord. By L. Raymond Morrison, with the collaboration 
of Stanley Cobb and Walter Bauer. (Pp. x 127; 90 
figures. 48s.) Harvard University Press (London: 
Oxford University Press). 1959. 





The Pergamon Institute (English address: Headington 
Hill Hall, Oxford) announce that English editions of the 
Pavlov Journal of Higher Nervous Activity and Problems 
of Cybernetics are being prepared. Specimen copies and 
subscription rates on application. 
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SOME OBSERVATIONS ON THE PATHOGENESIS AND 
NATURAL HISTORY OF INTRACRANIAL ANEURYSMS 


BY 


T. CRAWFORD 


From the Departments of Pathology anc Neurosurgery, St. George’s Hospital and Medical School, London 


The purpose of this paper is to present an account 
of the development of intracranial aneurysms and to 
describe the way in which they grow and rupture. It 
is hoped that this account and the coloured illustra- 
tions which accompany it will be of interest and use 
io the clinicians and radiologists working in this 
field who cannot obtain such a good view of the 
lesions as can the pathologist. 

The observations which follow are based on the 
personal dissection, using a simple dissecting micro- 
scope, of 163 ruptured cerebral aneurysms and of 
some 40 unruptured aneurysms. The photographs 
have been made by using the macro-attachment for 
the Vicker’s projection photomicrography equip- 
ment, with Kodak “‘ektachrome”’ as the colour film. 
The specimens, after careful cleaning under the dis- 
secting microscope, were suspended across a metal 
ring by threads attached to the arteries and were 
illuminated by oblique incident beams from below, 
and the photographs taken at linear magnifications 
varying between three and eight times. Depth of 
focus was obtained by cutting down the lens aperture 
to f22 and increasing exposure time accordingly. 
This method of illumination may give an unpleasant 
‘irregular lighting to the background, but this aesthetic 
blemish is amply repaid by the detailed delineation 
of the contours of the subject which are obtained. 

The aneurysms which form this series have all 
arisen in close relationship to the angles of branching 
and anastomosis in, or close to, the circle of Willis. 
The distribution of the ruptured aneurysms is listed 
in Table I. 

In 20 instances (12:3°%% of the cases) a second 
unruptured aneurysm was present. Only with 
aneurysms arising in the angle between the posterior 
communicating artery and the internal carotid 
artery, which were four times more common on the 
right than on the left side, was any significant dif- 
ference between the two sides found. 


Natural History of the Aneurysms 
The aneurysms originate from one of the junctional 
ingles in which the circle of Willis and adjacent 


TABLE | 
DISTRIBUTION OF RUPTURED ANEURYSMS 





Anterior communicating artery 

Anterior cerebral artery - ve 
Proximal part = ha 4 
Distal part .. sa a 16 

Middle cerebral artery .. vr Me 
Origin i ¥2 ne 14 
Main division phy a 34 
Distal a i a 6 

Internal carotid at posterior communi- 

cating artery .. - 5 ed 

Right side .. +e ca 24 
Left side... ae a 6 

Basilar artery .. <a oy ba 

Posterior cerebral artery 

Vertebral artery . . “P a 

Posterior inferior cerebellar artery 

Left anterior choroidal artery .. 


54 (33-7%) 


30 (18-4%) 





vessels abound (Fig. 1). They are multiple in one 
eighth of the cases and when this occurs the common 
descriptive term, “‘berry aneurysm”’, is particularly 
appropriate (Fig. 2). In the case of the anterior 
communicating artery, which is often only 2 or 3 mm. 
long, the aneurysm often involves the whole length 
of the artery (Fig. 3), though it may be more clearly 
arising at one end. Once started, the aneurysm 
tends to enlarge slowly but relentlessly: as it grows 
it commonly becomes irregular in shape, perhaps 
wrapping itself around adjacent vessels and nerves 
(Fig. 4), and in this way an aneurysm with quite a 
narrow neck may appear to have a broad origin 
from its parent vessel. As the aneurysms grow they 
often become bilocular (Fig. 5), but even those 
which remain grossly spherical or ovoid may show 
on closer scrutiny an appearance as of bubbles 
erupting from the surface (Fig. 6). It is evident that 
these ‘“‘bubbles”’ are extremely thin-walled. 

It is usually when the aneurysms have attained a 
diameter between 6 and 15 mm. that clinical effects 
are produced, though it must be emphasized that 
many aneurysms never produce effects at all, while 
a few attain a much greater size and simulate 
tumours (Fig. 7). The one thing which may check 
the progressive enlargement of an aneurysm is the 
occurrence of extensive thrombosis within it (Fig. 8), 


259 





260, 


and when this happens the aneurysm may appear 
much smaller in an arteriogram than it turns out to 
be at a subsequent operation or necropsy, or it may 
completely fail to fill. 

Microscopic examination of the neck of an 
aneurysm (Fig. 8) shows that the muscle coat of the 
artery ceases abruptly at the point of origin, but the 
elastic lamina may sometimes extend some little 
distance into the body. At the fundus the wall 


comprises only an attenuated layer of hyaline 
fibrous tissue which merges imperceptibly with the 
imperfectly organized thrombus in the cavity, and 
on the outside fuses with the meninges or with any 
other anatomical structure on which it may impinge. 


Leakage and Rupture of Aneurysms 


There is probably no useful purpose to be served 
in attempting to distinguish between the leaking or 
“weeping” of a berry ‘aneurysm and its frank 
rupture. Microscopic examination of the thinned- 
out fundus of an aneurysm sometimes shows a thin 
smear of fibrin with a few entangled blood cells on 
the outside, the appearance suggesting permeation 
of these elements through the wall: but in practice, 
if an aneurysm has bled significantly then a rupture 
is present, though this may vary from a minute pin- 
hole to disruption of the whole aneurysm, with 
parallel variation in the clinical features. 

Aneurysms usually rupture when they have 
reached a diameter of 6 to 15 mm. but occasionally 
they burst when they are quite minute. When this 
happens, the appearance may be almost as if the 
hole had developed directly in the artery (Fig. 9) 
and the clinical course is likely to be of a fulminating 
character. 

The 163 ruptured aneurysms listed in Table I have 
been carefully studied to determine the precise part 
of the aneurysmal sac at which rupture has occurred. 
Dividing the wall between the fundal pole and the 
neck into equal thirds, the rupture was classified as 
fundal if it occurred in the distal third, lateral in the 
middle third, and cervical in the proximal third; 
while, if for some reason, such as obscuring of the 
original state by operative procedures or damage at 
necropsy, the location of the rupture could not be 
confidently stated, the site of rupture was put down 
as undetermined. The findings are given in Table 
il and it will be seen that at least 64% of all 


TABLE II 
SITE OF RUPTURE FOR 163 CEREBRAL ANEURYSMS 





Site of Rupture No. of Aneurysms 


105 (64%) 
Lateral segment %) 
Cervical segment 


Undetermined 
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aneurysms and 105 (84%) out of 125 for which th: 
site could be determined, ruptured at the fundus. 

A typical example of fundal rupture is illustrate. 
in Fig. 10, while Fig. 11 shows a lateral rupture and 
Fig. 12 the only cervical rupture which it has proved 
possible to photograph. (There is technical difficulty 
in mounting for photography aneurysms which 
rupture at the neck, as the tear tends to extend and 
the aneurysm separates from its parent vessel.) 
Sometimes recurring episodes of haemorrhage and 
thrombosis occur at a single point of rupture. This 
results in a craggy, ulcer-like lesion with everted 
edges formed of successive layers of blood clot, 
while the neighbouring tissues acquire the character- 
istic golden colour of haemosiderin (Fig. 13). 

The importance of the above observation on the 
frequency of fundal, as opposed to lateral and 
cervical rupture, lies in its application to surgical 
treatment. With present techniques, the most 
satisfying surgical procedure for ruptured aneurysm 
is the placing of a clip across the neck (Fig. 14) and 
this can clearly apply only when the rupture is 
distally situated. It may, therefore, be reassuring 
to the neurosurgeon to learn that there is a high 
probability—approximately three chances in four- 
of any aneurysm he approaches having its rupture 
at the fundus, and only a small possibility—of the 
order of one in 30—of the tear being at the neck. 

Serial sectioning of ruptured aneurysms reveals 
that the rupture often occurs by the bursting of one 
of the bubbles referred to above (Figs. 2, 4, and 6), 
but in aneurysms which contain considerable 
amounts of thrombus, the break is effected by blood 
dissecting up between the thrombus and the wall 
until it reaches the fundus, where these structures 
merge in ill-defined degenerate collagen-like layers, 
through which the burst takes place. 


Pathogenesis 

The microscopic anatomy of the cerebral arteries 
reveals two features which render these arteries 
particularly prone to aneurysm formation: first the 
media, in which the main strength of an artery 
resides, is much thinner than in other vessels (such 
as coronary arteries) of comparable calibre; and 
second, although there is a well developed internal 
elastic lamina, the external elastic lamina is very 
poorly developed and may be altogether absent. 
Add to this the fact, first clearly emphasized by 
Forbus (1930), that developmental faults in the 
media, leaving gaps of varying size, occur quite 
commonly at the points of arterial junctions, and 
the -heavy responsibility thrown on the internal 
elastic lamina for maintaining the arterial wall will 
be appreciated. The occurrence of these medial 
faults has now been fully confirmed (Glynn, 1940) 








Fic. 1.—Typical berry aneurysm arising in the angle between the 
middle cerebral artery and a large branch. Large lipoid athero- 
matous plaques are present at the neck of the aneurysm and at 
the origin of the adjacent branch where there is some degree of FiG. 2.—Two aneurysms arising at branches of a middle cerebral 


dilatation. artery. 


Fic. 4.—Middle cerebral artery aneurysm which had wrapped itself 
around the afferent trunk, giving a false impression of a broad 
7 < ‘ , origin. It has been partially dissected free. This aneurysm also 
Fic. 3. Aneurysm arising from the whole length of the anterior shows a ruptured “bubble” at the fundus. 
communicating artery. A second small communicating vessel 
joins the two anterior cerebral arteries just distal to the aneurysm. 





5.—Bilocular aneurysm of the internal carotid artery at the origin 
of the posterior communicating artery. The larger loculus has 
ruptured at its fundus. Atherosclerotic lesions are conspicuous 


6.—Middle cerebral artery aneurysm showing bubble-like 
formations. It has ruptured through a small “‘bubble’ at the 
fundus. 


7.—Large unruptured aneurysm of the left vertebral artery 
causing fatal compression of the brain-stem. 


8.—Longitudinal section through the middle cerebral artery ai 
the point of origin of an aneurysm. The fundus of the aneurysn 
contains much imperfectly organized thrombus. The musck 
coat of the artery ceases abruptly at the neck of the aneurysm 
but the elastic tissue (darkly stained) extends a short distance int 
the wall of the sac. 

Weigert’s elastic stain, 16. 





Fic. 11 


9.—Rupture of a minute aneurysm of the anterior communi- 
cating artery. The proximal part of the left artery is hypoplastic. 


. 10.—Typical example of an aneurysm at the first main bifurcation 
of the middle cerebral artery which has ruptured at the fundus. 


. 11.—Aneurysm at the bifurcation of the basilar artery, showing 
large lateral rupture. 


. 12.—Aneurysm of the middle cerebral artery which has ruptured 
at the neck, 
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Fic. 13 





FIG. 
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Fic. 16 


Fic. 13.—Internal carotid artery aneurysm which has been the site ot 
repeated haemorrhages through a fundal rupture. Thrombus ts 
erupting through the burst and haemosiderin pigmentation 1s 
present in the adventitia of the adjacent vessels. 


Fic. 14.—Aneurysm on the basilar artery at the origin of the superior 
cerebellar artery. The aneurysm has ruptured at the fundus and 
the neurosurgeon has placed a clip across the neck. 


Fic. 15.—Longitudinal section through bifurcation of the middle 
cerebral artery showing a minute medial defect at the apex of the 
fork. Weigert’s elastic stain, x 18. 


Fic. 16.—Similar section to the previous figure, but showing a ver 
much larger medial fault. The intima is thickened at the site o! 
the medial lesion. Weigert’s elastic stain, x 25. 


Fic. 17.—Frozen section showing the edge of an atheromatous 
plaque in the basilar artery. The internal elastic lamina is infil 
trated with fat and is quite lost in the substance of the plaque 
Haematoxylin and sudan IV x40. 
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PATHOGENESIS AND NATURAL HISTORY OF INTRACRANIAL ANEURYSMS 


and indeed their frequency has proved an embarrass- 
ment to those who would maintain that they are the 
»ssential causative lesions of the aneurysms. The 
aults, however, vary greatly in size, from tiny dis- 
continuities of the muscle near the apex of the fork 
Fig. 15) up to gaps of several millimetres in 
ength (Fig. 16). 

Two other factors come up for consideration in 
he production of these aneurysms, the blood 
yressure and atheromatous lesions in the vessels. 
The blood pressure is the distending force concerned 
ind it must be clear that the normal blood pressure 
of early life may fail to produce an aneurysm 
through a small fault in the vessel wall, but succeed 
in doing this through a large one: and conversely, a 
small fault may resist distention by the normal 
blood pressure of early life, but yield before the 
higher blood pressures of middle age or before 
pathological hypertensive pressures. 

Atherosclerosis is the remaining factor and its 
role has been stressed by Carmichael (1950) and by 
Walker and Allegre (1954). It is customary to 
emphasize the intimal lesion of atherosclerosis, and 
the medial changes which are a constant feature 
(Crawford and Levene, 1953) are often overlooked. 
These changes consist of localized medial thinning, 
down to almost complete disappearance in some 
cases, and in the cerebral arteries there is often 
extensive infiltration of the media with fat (Car- 
michael, 1950). More important in the present 
connexions, the internal elastic lamina also often 
degenerates at the base of an atheromatous plaque 
(Fig. 17). When the atheroma occurs at a site already 
weakened by a developmental fault, then the effect is 
likely to be additive and loss of the internal elastic 
lamina (the only significant source of strength at 
these points) may well result in aneurysmal dilatation. 
it is well known that severe atherosclerosis may be 
the sole pathogenetic factor in aneurysms of the 
abdominal aorta. The same may be true of fusiform 
aneurysms of the basilar artery (Fig. 18), and it is 
no surprise to find milder degrees of atheroma 
contributing to the pathogenesis of the commoner 
berry aneurysms. Evidence of a statistical character 
for the association between berry aneurysms and 
atherosclerosis is presented in Table Ill. In this 
table the frequency of severe coronary atheroma and 
its effects in the males aged 45 to 70 from the present 
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Fic. 18.—Atheromatous fusiform aneurysm of the basilar artery. 


series of deaths from ruptured cerebral aneurysm is 
compared with the frequencies in men of the same 
age dying of causes not directly related to vascular 


disease. It will be seen that all the criteria of severe 
coronary atherosclerosis employed are from two to 
three times more frequent among victims of ruptured 
cerebrai aneurysm than in the control group. (The 
control figures in Table III have been kindly pro- 
vided by the Social Medicine Research Unit of the 
Medical Research Council from their national 
survey of necropsies in this age group (Morris and 
Crawford, 1958)). 

An attempt to indicate the inter-relationships 
between the three pathogenetic factors in cerebral 
aneurysms occurring at different ages is made in 
Table IV. In this table the numbers are not intended 
to have precise mathematical significance, but to 
imply degrees for the various factors: thus, under 


TABLE III 
CORONARY ARTERY DISEASE IN MEN AGED 45 TO 70 YEARS DYING FROM RUPTURED CEREBRAL ANEURYSM 





Total Cases | Coronary | 
| Atheroma | 


Deaths from primary ruptured cerebral aneurysm 
ontrol deaths unrelated to vascular disease 


49 
2,785 


Severe 
Coronary 
Stenosis 


Severe Small 


Myocardial 


Coronary 
Calcification 
Present 


Large 
Myocardial 


‘ 28% 


18% 


44% 16% 
18° 3° 
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TABLE IV 


RELATIVE IMPORTANCE OF PATHOGENETIC FACTORS IN 
CEREBRAL ANEURYSMS AT DIFFERENT AGES 





Pathogenetic Factor 
Age Group 
Childhood and 


ingens awineeesnneresrtniayy sunray seer > : > 
Medial Defect | Blood Pressure | Atherosclerosis 
adolescence 4 | 


Early adult life 3- 
Middle age - 
Old age - 





* For explanation see text. 


the heading of medial defect, 0 indicates absence, 
1 a trivial fault and 4 the largest faults; similarly 
0 to 4 indicate absence of and degrees of severity of 
atherosclerosis, while under blood pressure, | and 2 
imply physiological blood pressures of early and 
later life, while 3 and 4 indicate moderate and severe 
hypertension. 

The extremes are represented by the aneurysms 
of childhood, when a large defect yields before the 
low normal blood pressure of that age and by the 
aneurysm of the elderly hypertensive atherosclerotic 
subject in which a medial defect plays no part, 
though the latter is likely to be of the fusiform 
rather than of the berry type. At intermediate ages 
all the factors are likely to be concerned in varying 
degrees. 


T. CRAWFORD 


Summary 


A study of 163 ruptured berry aneurysms of the 
cerebral arteries is presented and the different types 
illustrated. The site of rupture is in the funda! 
segment in at least 64%, while cervical rupture is 
uncommon. Pathogenesis is discussed: the three 
main factors—developmental faults in the media, 
atherosclerosis, and hypertension—play roles of 
varying importance according to the age at which 
the aneurysm develops. 


I wish to thank Dr. Margaret D. Crawford of the 
M.R.C. Social Medicine Research Unit, The London 
Hospital, for drawing up Table III, and Professor J. N. 
Morris, Director of the Unit, for permission to use the 
control figures in that table. 

Thanks are also due to the Board of Governors of St. 
George’s Hospital for a grant to meet the expenses of this 
study and to the Wolfson Foundation for a contribution 
to the expenses of publication. 
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SOME SENSORY SYNDROMES IN CHILDREN : 
INDIFFERENCE TO PAIN AND SENSORY NEUROPATHY 
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It is the purpose of this paper to direct attention to 
several curious and infrequently encountered con- 
ditions which may present in infancy or early 
childhood with a similar clinical picture. Failure to 
react normally to painful or noxious stimuli is the 
outstanding feature, and this abnormality is usually 
first recognized when the patient is undisturbed by 
an injury which obviously should be painful. As 
most of these conditions bear a superficial, resem- 
| blance to one another we suggest employing the 
} general term ‘“‘sensory syndrome” to describe them, 
and have been fortunate in being able to examine 
five examples. By reporting illustrative cases we 
propose to bring forward evidence indicating that 
several pathological conditions are included in this 
clinical picture. 


Congenital Indifference to Pain 


In the first condition, congenital indifference to 
pain, there is no objective neurological abnormality 
except that the patient, although recognizing the 
nature of all types of stimuli at normal thresholds, 
fails to evince the usual clinical manifestations 
associated with accepted pain-producing stimulation. 


Case 1. (A.C., NH 32034).—This patient is a 14-year- 
) old girl. 

Family History.—The parents are first cousins, the 
patient’s grandmothers being sisters. There is no known 
neurological disease in either family. The parents and 
only sibling have been examined and no abnormality 
detected. There is no left handedness in the family. 


Medical and Developmental History.—The patient was 
born at full term after an uneventful pregnancy and 
delivery. She developed normally during her first year, 
walked, and said a few words by her fourteenth month. 
When she was aged 10 months her parents noticed that 
she was inclined to chew her tongue, causing large ulcers 
which appeared to be painless and which eventually led 

the destruction of the tip of the tongue. She was 

steady on her feet until the age of 3 years and never 





*Present address: Department of Neurological Surgery, University 
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cried although she had many falls and sustained numerous 
minor injuries. When she was 24 years old handfuls of 
her hair were pulled out by a playmate; at 3 she smashed 
her fingers in a door; at 4 she sustained a severe laceration 
of the forehead. In each of these injuries she exhibited no 
evidence of pain, and indeed, on several occasions her 
injury was unsuspected until noticed by her parents. At 
the age of 6 years her right hip became swollen over a 
period of two weeks. This was associated initially with a 
limp, which increased till eventually she complained of 
being unable to move the leg. Three weeks from the 
onset she was admitted to hospital, where a fracture of 
the right femur was diagnosed. At no time during this 
period, even while walking, did she complain of pain. At 
the age of 10 years she fell while playing and noticed on 
getting up that her wrist “bent the wrong way”. She had 
sustained a painless compound fracture of the left wrist, 
which was set without anaesthesia and without causing 
her any discomfort. 

In the three years since her last admission to the 
National Hospital the patient has matured considerably 
and has made a better adjustment to her disability. 
She is now careful to avoid injury and is generally success- 
ful although she occasionally finds blisters on her fingers 
from burns of which she has been unaware. She cannot 
recall having had a headache, earache, stomach ache, 
colic, or having experienced pain. She experiences 
hunger and thirst, sweats readily, and on exposure to 
cold has goose flesh. Her teeth are extremely carious but 
cause her no discomfort. She realizes when she has a 
foreign body in her eye but is not distressed by it. 


Examination.—She is a right-handed girl whose I.Q. 
on the Terman-Merrill scale is 126. Her face is wizened, 
causing her to look older than her stated age. Psychiatric 
examination does not elicit anything suggestive of a 
hysterical reaction. General examination is not remark- 
able except for the multiplicity of scars on the tongue, 
elbows, hands, knees, feet, and buttocks. The right 
femur is slightly shorter than the left and she has a 
hydroarthrosis of the right knee joint (Fig. 1). Both her 
ankle joints are deformed by bony overgrowth. She is 
unable to detect the odours of asafoetida, coffee, tobacco, 
or lavender, nor can she taste sugar, salt, quinine, or 
tartaric acid. It is possible that her loss of taste may be 
related to the extensive scarring of the tongue. There is 
no wasting or other abnormality of development, power, 
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Fic. 1.—Multiple scars of both “knees and bony deformity of the 
right knee joint. 


tone, or coordination of the muscles of the extremities. 
Her gait is normal. The tendon reflexes are present and 
symmetrical, and the plantar responses are flexor. The 
corneal reflexes can be elicited, but are less brisk than 
normal. Light touch and tickling with a wisp of cotton, 
small ranges of movement at joints, vibration and dis- 
crimination between one and two closely placed points of 
contact on the finger tips are all normally perceived. She 
is able to detect small differences in the temperature of an 
object placed against her skin, and to distinguish easily 
between the sharp and blunt ends of a pin. Recognition 
of the nature of objects placed in her hands when her eyes 
are closed is good. Her sensory threshold has been ex- 
amined, using as a stimulus a square wave electrical pulse 
of 1 millisecond’s duration and variable strength provided 
by a constant voltage stimulator (Walter and Ritchie, 
1945). This is normal everywhere, except distal to the 
knees where it is slightly elevated. This elevation may be 
the sequel to the trauma to which the legs have been sub- 
jected. The reactions usually associated with pain have 
not been produced even with the strongest of stimuli. 
Stimulation with up to 100 volts is intolerably painful to 
the examiner, but causes her no discomfort although it 
occasions violent muscular contraction. If a blood 
pressure cuff is inflated on her arm to 220 mm. Hg she is 
able to make a fist 130 times in two minutes without 
discomfort; on the other hand, in a healthy subject 
severe pain usually develops after 40 to 60 contractions. 
Immersing her hand in water at temperatures of 1° C. 
and 65° C. causes no pain and she does not object to 
deep pressure on the tendo Achillis. Intravenous injection 
of 0:25 mg. of histamine causes a bad taste in her mouth 
and throbbing in her head but no headache (Clark, 
Hough, and Wolff, 1936). Pressure on the eyeball 
causes the cardiac rate to drop from 96 to 84 per minute 
but no expression of pain. Scratching the neck results in 
no painful sensation but produces a change in pupil size. 
The cutaneous axone reflexes, tested by scratching the 
skin with a pin and by the intradermal injection of 
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histamine, are normal. When liberally dusted wit 
“itching powder” there is the usual erythematous reactio 
which is not, however, associated with an itching sens: 
tion. The patient’s refusal to be exposed to radiant he: 
has prevented detailed testing of her sweating reactio: . 
She has been observed during examination to be perspi 
ing about the face, in the axillae, and on the palms < / 
the hands and soles of the feet. No thickening of per - 
pheral nerves has been noted on palpation. 

Radiological studies at the age of 7 years showed an 
old healed fracture of the upper part of the shaft of the 
right femur with marked angulation of the neck. There 
were osteochondritic changes involving the right knee 
joint and avascular necrosis of the epiphysis of the left os 
calcis and right astragalus. These changes were accepted 
as traumatic in origin. Air encephalography revealed no 
defect of the cisterns or of the ventricular system. Dr. 
Hallpike found normal cochlear and vestibular functions. 
Electro-encephalography undertaken by Dr. Cobb showed 
no abnormality; the alpha rhythm blocked normally 
with eye opening and sudden noises. Dr. Dawson has 
kindly allowed us to report that he obtained through 
the intact sca!p good evoked potentials from the cortical 
sensorimotor area on electrical stimulation of the ulnar 
nerve. The Wassermann reactions in the blood and 
cerebrospinal fluid were negative. The fluid contained 
no increase in cells or in protein. On two occasions a 
portion of an interdigital nerve with the overlying skin 
was excised from the foot and examined histologically 


Fic. 2.—Interdigital nerve of left foot. 
normal nerve. (Osmic acid stain » 


The appearance is that of 4 
300.) 
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sing a number of stains including osmic acid and methy- 
ne blue (Fig. 2). Professor Blackwood detected no 
bnormality of the peripheral nerves and observed many 
nall nerve fibres in the superficial dermis. These 
‘ccompanied capillaries or passed toward the basal 
pidermis. 


To sum up, this is an intelligent girl in whom the 
10tor system appears to be functioning normally 
nd who reports normal responses dependent on the 
vtegrity of the peripheral autonomic nervous 

‘ystem. On the sensory side it has not been possible 
io evoke the normal reactions commonly associated 
with the experience of pain when a variety of stimuli 
lave been used. The stimuli have been those accepted 
aS producing pain, such as multiple heavy pinprick, 
heavy pressure on tendons, and extremes of cold 
and heat. Pain from structures within the head, 
such as may be provoked by intravenous histamine 
in healthy subjects, has not occurred. 

Tests have shown that the peripheral and central 
pathways necessary for the recognition of various 
forms of stimulation are intact. The cardiac and 
pupillary responses to pressure on the eyeball and 
scratching the neck and the flare of the triple response 
of Lewis, dependent on the integrity of the peripheral 
sensory nerve fibres, are normal. Added information 
to show that the peripheral pathway is normal has 
been obtained by the study of suitably stained 
sensory nerves and skin. Further, no gross deformity 
of the brain has been found by air encephalography. 
lt would therefore appear that the peripheral sen- 
sory pathway is intact, that following peripheral 
stimulation impulses reach those parts of the brain 
requisite for the recognition of the method of 
stimulation, but that there is an absence of the 
appreciation of pain. The nature of the mechanism 
at fault remains unknown. It is possible that it may 
result from some congenital anomaly of an undeter- 
mined order. 

It is of interest that this patient in her early years 
became progressively more deformed by repeated 
self-inflicted injury as is usually the case with such 
patients (Murray, 1957; Petrie, 1953) Although her 
reaction deficit has remained unchanged, she has 
managed in recent years to avoid serious injury. This 
subjective improvement in her status is most prob- 
ably the result of more intelligent self-management 
(McMurray, 1950). 

The first documented description of this condition, 
which has been called “‘congenital indifference to 
pain’, appeared under the title ““A case of con- 
genital general anaesthesia” (Dearborn, 1932). This 
\as the now famous case of Edward H. Gibson, who 
’ hieved a degree of notoriety in vaudeville circles 
2. “the human pincushion’’, allowing members of 
t e audience to push pins into his tissues. He was a 
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man of normal intelligence without neurological 
abnormality other than indifference to pain which 
had been present since childhood. Since 1931 over 
40 cases have been referred to in the literature, most 
of which have been reviewed by Fanconi and 
Ferrazzini (1957). Critchley (1956) has quite pro- 
perly pointed out that many of these cases have been 
inadequately studied. In some instances either the 
patient’s intelligence has not been taken into con- 
sideration or the presence of a sensory neuropathy 
has not been excluded. 

The significance in our case of anosmia and 
ageusia is difficult to assess. These defects have been 
reported in association with cases diagnosed as 
congenital indifference to pain (Roe and Leys, 1950; 
Madonick, 1954; Grain and von Hagen in Boyd 
and Nie, 1949), and will be discussed in greater 
detail below. 

We wish to stress that the term “congenital indif- 
ference to pain’? should be applied only to those 
patients who, perceiving correctly the nature of 
stimuli at normal thresholds, fail to react in the 
usual defensive manner with withdrawal of the 
offended part, acceleration of pulse and respiration, 
and elevation of blood pressure (Nafe and Wagoner, 
1938; Wolf and Hardy, 1941) as ina healthy subject. 
Patients given this diagnostic label should not be 
mentally deficient, and should have normal deep 
tendon and cutaneous axone reflexes and normally 
innervated skin on histological examination. Fur- 
ther, the defective reaction to pain-producing 
stimuli should have been present from infancy. 


Progressive Sensory Radicular Neuropathy 

Denny-Brown (1951) applied the term “hereditary 
sensory radicular neuropathy” to a familial disease 
formerly called “hereditary perforating ulcer” 
(Hicks, 1922) or “‘acropathie ulceromutilante famili- 
ale’ (Thévenard, 1942 ,1953). This is a familial, 
progressive, peripheral sensory neuropathy usually 
involving the feet first and more than the hands, 
with the sensory level rarely extending above the 
elbows or knees. The loss of pain appreciation is 
much more marked than that of the other modalities. 

The following case is similar to the cases described 
by Denny-Brown (1951), but we have applied the 
term “progressive sensory radicular neuropathy’’. 
It is felt, however, that though there is no familial 
history this patient may be an isolated instance of 
the hereditary form of the disease. 


Case 2 (R.B., NH 58889).—This is a 10-year-old boy. 


Family History.—This boy’s parents are first cousins, 
the paternal grandmother and maternal grandfather being 
siblings. There is no known neurological disease in either 
family. There is no left handedness in the family and the 
patient has no siblings. 
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Fic. 3.—Deformity of ankles. 


Medical and Developmental History.—The patient was 
born at full term after an uneventful pregnancy and 
delivery. He breathed spontaneously and appeared to be 
normal. He gained weight at the usual rate but did not 
hold up his head until the age of 6 months, sat up at 12 
months, stood unassisted at 18 months, and walked at 
24 months. He was continent of urine and faeces by the 
age of 3 years with occasional nocturnal enuresis until 
the age of 7 years. He was speaking words at the age of 
24 years and short sentences at 3 years. 

When the patient was 9 months old his parents noticed 
that he was very clumsy in reaching for objects and did 
not hold things in his hands. At the age of 12 months he 
fell against a hot stove, sustaining a severe burn of the 
right hand. He neither cried nor showed any sign of 
distress, even though he received a third degree burn 
which resulted in flexion contractures of the fingers. 
At the age of 2 years he developed a chronic draining 
sinus of the left ankle, which did not heal until a fragment 
of bone was extruded some two years later. There has 
been intermittent draining since, and considerably bony 
deformity has developed. At the age of 4 years he became 
aware of his parents’ interest in his unusual disability and 
would attract attention by placing his hand on the hot 
stove saying, ““No hurt Bobby”’. When 7 years old he was 
admitted to the National Hospital. At that time all 
modalities of sensation except appreciation of tem- 
perature were severely impaired below the knees and 
elbows, while there was no deficit over the trunk; crude 
differences of temperature were recognized by him in his 
hands and feet. Motor power in the limbs and trunk 
was good. Over the years the patient has had innumer- 
able infections of the fingers, which eventually led to the 
destruction of all the terminal phalanges. He has had 
many operative procedures without anaesthesia or dis- 
comfort. His bladder and bowel function was normal 
and he has experienced hunger, thirst, and headache. 


Examination.—The patient is a right-handed boy with 
an I.Q. on the Terman-Merrill scale of 85 to 90. The 
hands and left ankle are deformed (Fig. 3). The terminal 
phalanges of the fingers have been replaced by scar tissue 
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or granulating wounds, and the left ankle is swollen wi 
a small draining sinus over the lateral malleolus. 

The function of the cranial nerves is normal in 
respects. He is able to taste and smell. There is neith :r 
weakness nor wasting of muscles in the extremities, a: d 
coordination is good. With the exception of the trice 5 
reflexes, which are brisk, the tendon reflexes are absei (. 
In the limbs there is a diminution of all sensory modaliti : 
including the recognition of temperature which increas s 
distally. The latter modality is completely absent in tie 
left hand and both feet. The pattern of sensory loss is n. 
perfectly symmetrical, for perception of extremes of 
temperature is present in the palm of the right hand, 
but not below the wrist of the left hand. Again, in the 
antecubital fossae the threshold for differentiating hot 
and cold is about 10° C. on the right and nearly 15° C. on 
the left. Sense of passive movement is absent at the joints 
of the fingers and toes. Pinprick, light touch, and vibra- 
tion are not appreciated below the knees and elbows. 
As indicated on the sensory chart there is no impairment 
of sensation over the trunk (Fig. 4). An electrical stimulus 
of 100 volts is not felt below the wrists or knees while 
over the arms and thighs the threshold is about 50 volts; 
over the trunk it is the normal 15 to 20 volts. Pain 
develops after 40 contractions of the fist with a blood 
pressure cuff on that arm inflated to 220 mm. Hg. It is 
interesting that although the onset of the pain is within 
the normal “time-contraction” period the pain is not 
felt in the contracting muscles as is usually the case, but 
under the cuff. Itching and erythema may be produced 
by itching powder on the trunk but not on the extremities. 
The cutaneous axone reflexes, elicited with intradermal 
histamine, are readily obtainable over the trunk, are 
diminished over the upper part of all four limbs, and 
absent below the elbows and knees. Sweating occurs 
over the hands and feet, as elsewhere on the face and 
trunk. The peripheral nerves are not thickened. 






































Fic. 4.—The crosshatched areas 
indicate complete or nearly com- 
plete absence of all modalities 
of sensation. The _ vertically 
lined areas indicate a threshold 
markedly raised to pain and 
moderately raised to touch and 
temperature. 
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i. 5.—Interdigital nerve of left foot. 
in number of myelinated fibres. 


Note the great diminution 
(Osmic acid stain x 300.) 


Radiological examination (age 8 years) shows disinte- 
gration of the left ankle joint with partial absorption of 
the astragalus and moulding of the os calcis, partial 
degeneration of the interphalangeal joint, and absorption 
of the terminal phalanx of the right great toe, and 
absorption of the terminal phalanges of all the fingers. 
Dr. Hallpike reports normal cochlear function with 
severe bilateral reduction of caloric vestibular responses. 
Dr. Cobb reports no abnormality in the electroencephalo- 
gram. The alpha rhythm is well developed and is little 
affected by eye opening. Examination of the blood and 
cerebrospinal fluid, including the Wassermann reaction, 
shows no abnormality. 

Histological examination of an interdigital nerve by 
Professor Blackwood showed several nerve bundles con- 
taining shrunken endoneural tubes. Only a few myelinated 
fibres could be found in the osmic acid sections (Fig.5). 
These findings are interpreted as being indicative of nerve 
degeneration. 


To sum up, this is a 10-year-old boy with a pro- 


gressive peripheral sensory neuropathy which 
probably has been present since early infancy. The 
sensory signs, though increasing in severity, have 
remained localized to the periphery of the four 
limbs. Associated with this sensory deficit there is a 
loss of axone reflexes in the analgesic areas pointing 
{> a degeneration of the peripheral sensory neurones. 
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Further, the histological studies confirm the diagnosis 
of degeneration of the peripheral sensory neurone. 
On the other hand, the complete absence of any 
evidence of disturbance of motor function clearly 
indicates that the lesion involves only sensory 
neurones... As the peripheral autonomic motor 
functions are also normal, it is difficult to place the 
lesion anywhere except in the region of the posterior 
root ganglia where neither motor fibres nor autono- 
mic fibres can be involved. This case suggests 
hereditary sensory radicular neuropathy because 
the trunk and bladder are completely spared and the 
disease has been slowly progressive, involving the 
feet more than the hands. The extremely early age 
of onset is unusual in the hereditary disease although 
several cases have been recorded (Heller and Robb, 
1955). Our patient’s disease is not familial, but 
since his parents are consanguineous it may represent 
the expression of a recessive trait. 


Non-progressive Sensory Radicular Neuropathy 

We propose to present a second case, contrasting 
with the previous one in that it is not progressive 
and the involvement is much more extensive. 

This case was presented to the section of neurology 
of the Royal Society of Medicine on November 2, 
1950, by Drs. Lorber and Carmichael. It is unfor- 
tunate that in two recent publicaticns it has been 
referred to as one of congenital indifference to pain 
(Jewsbury, 1951; Fanconi and Ferrazzini, 1957), for 
it differs radically from the first case which we report 
in this paper. 


Case 3 (R.M., NH 24347).—This is an | l-year-old boy. 


Family History.—There is no known consanguinity or 
history of neruological disease in either parent’s family. 
The parents and siblings (one brother aged 12 and two 
sisters aged 6 and 12 when examined) were seen in 1954 
and at that time showed no neurological abnormalities. 
One sister is left-handed. 


Developmental and Medical History.—The patient was 
delivered at full term without instruments after an un- 
eventful pregnancy and 24 hours’ labour. He was a 
breech presentation and was said to have been “complete- 
ly floppy” and without movement during the first few 
days of life. He was never cyanotic, but required tube 
feeding initially and had to be fed with an eyedropper 
until 7 months of age because of difficulty in sucking. He 
did not sit up without support until 18 months or stand 
until 4 years: he walked at 44 years, but has always been 
unsteady with a tendency to fall, which has occasioned 
him many injuries. He began saying single words at 
18 months, but it was not until the age of 4 years that he 
spoke short sentences. He was not continent of urine and 
faeces until the age of 6 years. At the age of 7 months 
he scratched his right eye causing a corneal ulceration. 
Surgery was necessary to preserve his sight. At this time 
it was first realized that he did not react normally to 
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painful stimuli. At 9 months he developed a severe 
gastro-enteritis, which was not associated with any 
evidence of cramping or colic, and was followed by 
pneumonia. Severely ill, he was placed in an oxygen tent. 
His prolonged debilitation following this illness may have 
contributed to the retardation of his general development. 
As the patient grew older it became apparent that he had 
a marked susceptibility to infection. Many minor 
lacerations and burns became infected, and at one time 
or another he had whitlows, then osteomyelitis of each 
of the fingers. These infections led to the absorption of 
all terminal phalanges, leaving his fingers deformed and 
almost useless. He had many lacerations about the face, 
including fracture of the nasal bone, but never experi- 
enced pain with any of these injuries and infections. 
At the age of 9 years he was noted to be looking ill one 
day, although he denied feeling poorly. His temperature 
was 103° F. and when he was put to bed it was noted 
that his left leg was swollen and red from the groin to 
the ankle. X-ray examination at hospital revealed an 
unsuspected fracture of the patella. When questioned 
he denied having pain in the knee and could not recall 
any immediate injury. When his leg was enclosed in 
plaster and he was confined to bed he promptly developed 
bed-sores over the buttocks and thigh, which did not 
respond to treatment until he was allowed to walk 
about. Throughout his life this boy has had many minor 
surgical procedures such as partial finger amputations 
and nerve biopsies without the administration of 
anaesthetics, yet without the slightest sign of discomfort. 

At the age of 1 year the patient, in association with a 
fever, had a grand mal convulsion. Following this and 
until the age of 4 years he had about one typical petit 
mal seizure weekly; thereafter he has had no minor 
seizures and only very rare major attacks, for which he 
is taking “‘mysoline”’. 

Examination.—This patient has been admitted to the 
National Hospital on six occasions in the past eight years. 
That there has been no change in his neurological status 


Fic. 6.—Chronically infected fingers with ‘destruction of terminal 
phalanges. 
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Fic. 7.—-Crosshatched areas indicate 
total loss of appreciation of all 
modalities of sensation. Vertically 
lined areas indicate additional areas 
of insensitivity to pain. Sensation is 
normally perceived only in the left 
lower abdominal quadrant. 


or progression of the sensory deficit during this time is 
well documented. His I.Q. has been repeatedly estimated 
at from 80 to 88 on the Wechsler children’s scale (dull 
normal range). His countenance is rather that of a 


retired pugilist, for he looks much older than his years. 
His nose is flattened, and his mouth deformed by scars. 


There are innumerable scars over his hands, arms, legs. 
and buttocks. His fingers are stumps (Fig. 6) and there 
is a post-traumatic deformity of the left leg. 

On examination of the cranial nerves the following 
abnormalities have been found: there is a complete 
inability to detect or differentiate the odours of lavender. 
cloves, and tincture of asafoetida. He raises no objection 
when his food is heavily adulterated with salt, sugar, or 
quinine, which observation suggests a total absence of 
taste. Visual acuity of the right eye is 6/12 and of the 
left 6/9; the reduction on the right side is due to a post- 
traumatic corneal opacity. There is complete loss to 
pain over all three divisions of the fifth nerve bilaterally 
with absent corneal refil¢xes: touch is appreciated over 
all three divisions, but the threshold is raised. He neither 
lacrimates at the smell of ammonia nor sneezes on the 
inhalation of snuff. Motor function of the fifth nerve is 
normal. There is no facial weakness. The gag reflex is 
absent, yet pricking of the posterior pharynx is reported 
by him as painful and stimulation of the trachea with a 
rubber catheter causes coughing. There is neither weak- 
ness nor wasting of the muscles of the trunk and upper 
limbs. Owing to contractures resulting from the fractured 
patella, extension at the left knee and hip joints is defec- 
tive. Tendon reflexes are entirely lacking. The plantar 
responses are flexor. Only the lower abdominal skin 
reflexes are obtainable. Pinching and heavy pinprick are 
perceived as painful only over dermatomes T-10 and T-1' 
on the left side, and are associated with alteration in th: 
respiratory rhythm, tachycardia, pupillary dilatatior 
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rotesting, and evasive movement (Fig. 7). Light touch is 
ppreciated at normal thresholds over the thorax, 
vhere anteriorly it causes a sensation of tickle. The 
ireshold for touch rises progressively as testing pro- 
eeds peripherally on the extremities until eventually 
1e stimulus is not appreciated on the hands or feet. 
Vhen he perceives touch he is able to localize the area 
timulated with a fair degree of accuracy. Recognition 
f temperature differences is absent throughout except 
ver the dermatomes T-10 and T-11 on the left where the 
hreshold is within normal limits. Recognition of move- 
1ent is absent at the joints of the fingers and toes, some- 
/yhat less impaired at the ankle and wrist and apparently 
iormal at the elbow and knee joints. Vibration is 
ppreciated throughout except on the fingers and toes, 
vut the threshold is greatly raised in the hands and feet. 
\bility to recognize objects and two-point discrimination 
are absent in the hands. An electrical stimulus of 100 
olts applied to the extremities or face occasions no 
comment from the patient, even though it causes violent 
muscular contractions. The threshold for recognition of 
such stimuli is about 70 volts in the arms and legs, and 
35 volts over the thorax and abdomen with the exception 
of the tenth and eleventh thoracic dermatomes on the 
left, where a normal threshold of 15 volts is to be found. 
Even 100 volts are not perceived in the hands and feet. 
There is also an absence of the appropriate response to 
stimulation of a painful character such as severe com- 
pression of the tendo Achillis and testes, or following 
immersion of the hands or feet in water at 4° C. There is 
apparently no pain in the muscle after 120 contractions 
of the fist in two minutes with a blood pressure cuff on 
the arm inflated to 220 mm. Hg. Dr. Hallpike reports 
that there is marked high tone deafness of the right ear 
only, and that vestibular function is normal. Examination 
for the state of the cutaneous axone reflexes has been 
carried out by the intracutaneous injection of histamine 
phosphate. A normal histamine flare response has only 
been elicited over T-10 and T-11 dermatomes on the left, 
but nowhere else. Itching powder applied generously 
causes no reaction except over the left tenth and eleventh 
thoracic dermatomes where itching and erythema occur. 

The afferent mechanisms of deeper structures have 
also been investigated. Carotid body massage and 
carotid artery occlusion applied manually have caused 
no more change in pulse rate than during resting respira- 
tion. Four milligrams of sodium cyanide given intra- 
venously with continuous spirographic control caused 
no change in rate or depth of respiration; hyperpnoea, 
which is the normal response, has not been observed 
(Heymans, 1955). When cystometrography is carried 
out the patient is aware of, but undistressed by, the 
catheter being passed. Strong contractions of the 
bladder associated with a desire to void occur with a 
volume of 25 ml. and again with 50 ml.: thereafter the 
bladder may be rapidly distended up to the level of the 
umbilicus (300 ml.) without further contractions or dis- 
comfort and with only a moderate gradual rise in pressure. 
\gain, colic-producing drugs cause no discomfort. 
Sweating is normal throughout, as is the psychogalvanic 
skin response to startle produced by striking a gong or 
lashing a bright light. On the other hand, cutaneous 
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Fic. 8.—Interdigital nerve of the right foot. Note the very great 
diminution in number of myelinated fibres. (Osmic acid stain 
< 300.) 


stimuli usually accepted as painful result in no autonomic 
response. Frequent examination by palpation of the 
peripheral nerves has failed to reveal any thickening. 

Radiological studies show destruction of the terminal 
phalanges of the fingers and roughening with irregularity 
of the joint surfaces of the left knee. Films of the skull 
and spine show no bony abnormality. Air encephalo- 
graphy carried out at the age of 3 years showed a normal- 
sized ventricular system. No enlargement of the cisterns 
or sulci was seen.  Electroencepholographic studies, 
kindly undertaken by Dr. Cobb, have repeatedly shown 
background activity considered normal for his age but 
with scattered spiking and sharp wave activity and with- 
out evidence of focal abnormality. The alpha rhythm 
blocks normally with eye opening. Dr. Dawson has been 
unable to record through the scalp from over the sensori- 
motor area the presence of evoked potentials on repeated 
electrical stimulation of the ulnar nerve which has been 
of sufficient strength to cause marked contractions of the 
muscles supplied by that nerve (Dawson, 1956). The 
cerebrospinal fluid on several occasions has been normal, 
as have been studies of the urine and blood. Serological 
tests for syphilis have been negative. 

Histological studies, including osmic acid stains, of 
interdigital nerve and skin from the dorsum of the left 
foot showed the nerve bundles to be filled with shrunken 
endoneural tubes and only one or two myelinated fibres 
were seen in the skin (Fig. 8). 
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To sum up, this is an 11-year-old boy of fair 
intelligence who is unable to feel any form of stimulus 
applied to the distal parts of the extremities and who 
does not respond in the normal manner to extremely 
painful stimuli applied anywhere except over the left 
side of the abdomen where the threshold appears to 
be normal. The absence of reaction to pain is noted 
with a great variety of painful stimuli and has led 
to severe skin and bone trauma. The sensory defect 
is not accompanied by any obvious deficit in power 
of the muscles or by any muscular wasting. Again 
he sweats on the extremities and has a normal 
galvanic skin response to sudden noise or flashes of 
light. His main disability is thus one affecting the 
afferent mechanisms from the skin of the face, 
trunk, and limbs. Besides the defect of skin sensa- 
tion there is a marked diminution in the response to 
stimulation of the carotid body, bladder, and gut. 
As the flare response over ‘the limbs and trunk, apart 
from the small area in which painful sensations are 
perceived, is lacking it has been assumed that the 
peripheral sensory neurones have degenerated. This 
assumption has been confirmed by histological 
studies of a sensory peripheral nerve and skin. To 
permit somatic motor and autonomic functions the 
appropriate motor and autonomic nerves must be 
intact. A lesion which causes sensory neurone de- 
generation yet spares motor and autonomic fibres is 
most reasonably placed in the posterior root 


ganglion. This case differs from the hereditary form 
of sensory neuropathy in that it shows no family 
history of the disease, the onset is from birth, the 
involvement, including several cranial nerves, is 
much more widespread and it is not progressive. We 
believe that the presence or absence of progression 
is of sufficient importance to justify grouping our 


respectively as 
sensory 


third cases 
and ‘“non-progressive”’ 


second and 
““progressive”’ 
neuropathy. 
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Discussion 

We have listed in Table I the distinguishing fea 
tures of the several conditions under discussio: 
which may be found in the “‘sensory syndrome””’, ; 
condition showing defective reaction to painfu 
stimuli. The first, congenital indifference to pain, i: 
relatively rare but probably occurs more commonl) 
than is generally appreciated. If such a diagnosis i: _ 
to be meaningful certain diagnostic criteria have t 
be met in addition to that of defective reaction t 
painful stimuli. The most important is the absencc 
of a demonstrable lesion involving the sensory path 
ways. Secondly, various forms of stimulation have 
to be appreciated at normal thresholds, while 
tendon reflexes should be normal. The only abnor- 
mality is a defective reaction to strong noxious 
stimuli, namely an indifference to the usual painful! 
element. Thus the integrity of sensory paths dis- 
tinguishes congenital indifference to pain from the 
sensory radicular neuropathies. A third important 
criterion is that the patient must not be mentally 
deficient or suffer from any obvious cerebral patho- 
logy. This is a necessary qualification in order to 
exclude from the group those patients with gross 
mental defect: it is known that mental defectives 
may show considerable indifference to pain (Couston, 
1954). Again, since Schilder and Stengel first coined 
the term “‘pain asymbolia”’ (1928 a and b, 1931), a 
number of reports have appeared dealing with in- 
difference to pain as a symptom of cerebral patho- 
logy (Hemphill and Stengel, 1940; Potzl and Stengel, 
1936; Rubins and Friedman, 1948); a degree of in- 
difference may occur after prefrontal lobotomy 
(Freeman and Watts, 1946). Riley (1952) has des- 
cribed a familial condition in which have been 
present defective lachrymation, emotional instability, 
areflexia, hypertension, vomiting, and indifference to 
pain. As most of his patients have been mentally 
defective and suffered from epilepsy, it is possible 


TABLE I : 


SIMILARITIES AND DISSIMILARITIES OF CONGENITAL INDIFFERENCE TO PAIN, CHRONIC PROGRESSIVE 
SENSORY NEUROPATHY, AND NON-PROGRESSIVE SENSORY NEUROPATHY COMPARED 





Congenital 





{ Defective appreciation of pain 
Motor involvement 
Repeated self injury 
Disorganized joints 
Sensory deficit (other than pain) 
Distribution of sensory deficits 
(all types) 


Character- 
istics of the 
sensory 


syndrome Universal 


Normal 
Normal 
Normal 


Deep tendon reflexes 
Axone reflex 

Sensory nerve biopsy 
Hereditary transmission 
Location of “‘lesion” 
ganglion 
Course 





Central to dorsal root 


May improve with age 


Non-progressive 
Sensory Neuropathy 
of Children 


Progressive 
Sensory Neuropathy 
of Children 





}- 

Greatest distally, sparing 
thorax and_ cranial 
nerves except 8th nerve 

Absent in involved areas 

Absent in involved areas 

Demyelination 


Greatest distally, may in 
volve all sensory nerves 


Absent in involved areas 
Absent in involved areas 
Demyelination 


In or distal to dorsal root 
ganglion 
No change 


In or distal to dorsal root 
ganglion — 
Slow progression 
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hat the indifference to pain has been but a manifesta- 
ion of mental deficiency. Hysteria has also been 
nentioned as a diagnostic possibility and properly 
lismissed by most authors since the condition under 
liscussion is present from early infancy, an age at 
vhich hysteria is accepted as not occurring. We feel 
hat it is important to apply the label of 
‘congenital indifference to pain’ only to those 
yatients with normal intelligence and with no 
lemonstrable neurological abnormality. Using such 
riteria the cases published by the following authors 
‘eem to fit this group: Dearborn (1932), Kunkle and 
chapman (1943), Boyd and Nie (1949), McMurray 
1950) (also described by Petrie, 1953, and Feindel, 
(953), Nissler and Parnitzke 1951), Kipnis, Cohen, 
Kubzansky, and Kunkle (1954) (also reported by 
Cohen, Kipnis, Kunkle, and Kubzansky, 1955), 
Julijo and Brotto (1955), Jéquier and Deller (1956), 
Schachter (1956) and Durand and Belotti (1957). 
Ford and Wilkins (1938) described three cases. The 
first and third are typical but the second case is 
questionable since the patient was mentally deficient, 
had grand mal epilepsy and mentally defective 
parents. Of the four cases reported by Jewsbury 
(1951) three are acceptable but the fourth is unsub- 
stantiated. Lamy, Garcin, Jammet, Aussannaire, 
Lambert, Thiriez, and Grasset (1956) reported two 
cases, the second of which (with muscle hypotonia 
and areflexia) should be excluded. Fanconi and 
Ferrazzini (1957) described three cases, the second 
of which was not examined and should therefore not 
be included in this group. We believe that the 
patients reported by Arbuse, Cantor, and Barenberg, 
(1949) having an I.Q. of 50, of Keizer (1951) being 
a Mongol idiot, and of Madonick (1954) with an 
1.Q. of 61, should not be included in this group 
since marked mental deficiency was such a prominent 
feature. Similarly the patient described by Roe and 
Leys (1950), who was examined by one of us (E.A.C.) 
through the kind permission of the authors, was 
found to have an I.Q. of 50 and accordingly cannot 
be placed in this group. The case described by Moffie 
(1951, 1952) is complicated by organic brain damage 
and psychosis, making it difficult to evaluate; again, 
the case described by Farquhar and Sutton (1951) 
had tremor of the head and hands, slurred speech, 
unsteady gait, and a history of meningitis at the age 
of | year. (We wish to thank the authors for per- 
mission to examine this patient.) The patient 
described by Ortiz de Zarate (1955) clearly has 
histologically proven sensory neurone degeneration, 
absent ankle reflexes, and a psychosis, which 
removes the case from the group distinguished by 
congenital indifference to pain. The cases briefly 
described by Critchley (1934, 1935), von Hagen and 
Grain in discussing Boyd and Nie’s paper (1949), 
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and Ziegler and Pacella in discussing Madonick’s 
paper (1954) may belong to this group, but without 
more Clinical details a definitive diagnosis cannot be 
made with any confidence. 

As to the nature or region of the dysfunction 
responsible for the symptoms and signs as found in 
congenital indifference to pain, we have no helpful 
observations to contribute. The literature also is 
remarkably lacking in observational studies. 

Denny-Brown directed attention to the occurrence 
of degeneration of posterior root ganglia secondary 
to carcinoma of the bronchus (1948) and later as a 
nosologically distinct hereditary disease (1951). His 
work helped to terminate a controversy lasting for 
years concerning the underlying pathology. In the 
past they had been diagnosed as cases of status 
dysraphicus, Morvans’ disease, and syringomyelia 
(Schultze, 1917; Guillain and Thévenard, 1929; 
Thévenard and Coste, 1935; Thévenard, 1942; 
Parks and Staples, 1945). Several exhaustive clinical 
and pathological studies of hereditary sensory 
radicular neuropathy have appeared in recent years 
(Thévenard, 1953; van Bogaert, 1953; Girard, 
Mazare, and Devic 1953; Girard, Devic, and 
Garin, 1953; Heller and Robb, 1955; Roger and Pujol, 
1955), and as the number of reports has grown it has 
become apparent that many of the cases of non- 
carcinomatous sensory neuropathy do not fit into 
the clinical picture defined by Denny-Brown (1951). 
The patient described by Ionesco, Jonasesco, and 
Mester (1958) is a case in point; a young woman, 
normal until the age of 17 years, shortly after a 
severe “T.A.B. post-vaccinal reaction’’ necessitating 
admission to hospital, developed a generalized 
hypaesthesia with lightning pains in the legs. By 
the age of 20 she presented the typical “sensory 
syndrome”’ picture with perforating ulcers of the 
feet, loss of several toes, and a left corneal ulcer 
associated with disturbance of sensation over the 
first division of the left fifth cranial nerve. The 
sensory deficit has not progressed. She showed no 
motor involvement. No family history of neuro- 
logical disease could be elicited. The findings in this 
patient closely resemble those of our case (R.M.), 
except that this came on in early adult life. She may 
well represent an instance of non-progressive sen- 
sory neuropathy. 

The patient described separately by Munro (1956) 
and by Walker (1955-56) has been examined recently 
by one of us through the courtesy of Dr. P. Sandifer. 
This is a boy, now aged 13 years, whose parents are 
first cousins. He has been noted to be indifferent to 
painful stimuli since infancy and presents as a 
typical case of the “sensory syndrome” with rather 
more involvement of the lower than the upper 
extremities. Perforating ulcers of the left foot have 
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led to a mid-tarsal amputation. That he is suffering 
from a neuropathy has been confirmed by biopsy 
of an interdigital sensory nerve. There is no motor 
involvement. This case is interesting for several 
reasons. The family history is negative for neuro- 
logical disease. The patient has a moderate low 
tone deafness, and although he can hear a con- 
versational tone quite clearly his verbal comprehen- 
sion is extremely poor. His I.Q. on performance 
testing is well above average (1.Q. 110) but on 
verbal testing is severely defective (1.Q. 50). Careful 
comparison of past examinations with ours revealed 
no evidence of progression of the sensory deficit. 
We wish to suggest that this child probably has a 
non-progressive sensory neuropathy similar to that 
of our case (R.M.). 

The cases reported by Parks and Staples (1945), 
Ortiz de Zarate (1955), and Head (1903), to name 
but a few, probably also represent the non-progres- 
sive rather than the progressive form of sensory 
neuropathy. 


Summary 

The “sensory syndrome’’, a non-specific clinical 
picture by which several aetiologically unrelated con- 
ditions may manifest themselves in children, is 
described. Its outstanding features are insensitivity 
or indifference to pain with failure to avoid noxious 
stimuli and repeated self injury. There may be a 
marked susceptibility to infection with perforating 
ulcers of the feet, osteomyelitis, and loss of terminal 
phalanges of fingers and toes. Disorganized joints 
are common. 

Cases are presented to illustrate three unrelated 
instances of the “sensory syndrome” in children. 
(1) Congenital indifference to pain, a condition in 
which, as far as can be determined, the patient’s 
sensory apparatus is intact, but he fails to react 
normally to painful stimuli. (2) Progressive sensory 
radicular neuropathy, a sensory neurone degenera- 
tion in the distal parts of the extremities which 
involves the feet more than the hands and is pro- 
gressive. It is clinically indistinguishable from 
hereditary sensory radicular neuropathy and may 
represent sporadic instances of this disease. (3) Non- 
progressive sensory neuropathy, a widespread 
sensory neurone degeneration involving cranial and 
thoracic nerves as well as those of the limbs. The 
deficit is more scattered and asymmetrical than in 
the progressive disease and there is no progression. 
The aetiology of these diseases is unknown. 
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THE NON-SPECIFICITY OF THE INTRATHECAL REACTION 
TO TUBERCULIN IN MULTIPLE SCLEROSIS 


BY 


JOHN MARSHALL and FRANCIS O’GRADY 


From the Academic Unit, Institute of Neurology and National Hospitals for Nervous Diseases, Queen Square, 
and the Bland-Sutton Institute of Pathology, Middlesex Hospital, London 


The intrathecal injection of the purified protein 
cerivative of tuberculin (P.P.D.) was used by Smith, 
Vollum, Taylor, and Taylor (1956) in the treatment 
of tuberculous meningitis. They had been led to 
use this method by the observation that the cellular 
and protein content of the cerebrospinal fluid of 
patients with tuberculous meningitis showed marked 
fluctuations which they believed. to be due to the 
liberation of tubercular protein into the sensitized 
meninges. The presence of these fluctuations was 
associated with clinical improvement; hence they 
wondered whether this effect could be reproduced 
vy the intrathecal injection of tuberculin. Consider- 
able success was achieved with this method of treat- 
ment. 

The injection of P.P.D. in patients with tuber- 
culous meningitis produced a characteristic dis- 
turbance of the cellular and protein content of the 
cerebrospinal fluid. This consisted of a_ brisk 
outpouring of predominantly polymorphonuclear 
cells within the first 24 hours accompanied by a 
similar rise in protein. This was followed by a wave 
of mononuclear cells maximal between the third and 
seventh days after injection, there again being an 
accompanying rise in protein. A similar reaction, 
though often of less degree, was observed in a group 
of Mantoux-positive psychotic patients (Swithin- 
bank, Smith, and Vollum, 1953). A further feature 
was that there appeared to be a correlation between 
the sensitivity of the meninges and that of the skin 
to tuberculin. In patients who were Mantoux- 
negative only a minimal disturbance was produced 
in the cerebrospinal fluid by the intrathecal injection 
of P.P.D., but the typical pattern of response could 
be obtained after successful vaccination of the 
patient with B.C.G. or vole bacillus. 

More recently it has been found that in patients 
with multiple sclerosis the pattern of response is 
different from that seen in psychotics (Smith, Espir, 
Whitty, and Russell, 1957). These authors observed 
that the initial 24-hour spike of cells was absent, but 
tne subsequent wave of mononuclear cells was well 


developed; in addition there was a biphasic rise in 
protein. The authors comment that there was a 
tendency for the protein rise to outstrip that of the 
cells. They observed no correlation between the 
sensitivity of the skin and that of the meninges in 
these patients. A similar type of reaction could be 
obtained in highly sensitive psychotic patients in 
whom the intrathecal injection of P.P.D. was covered 
by a small dose of cortisone. They interpreted these 
findings as indicating that the normal immuno- 
logical processes are disordered in multiple sclerosis. 
They further suggested that the intrathecal injection 
of P.P.D. might have beneficial therapeutic effects 
in this disease. 

Since no other chronic neurological diseases had 
been treated in this way, and there was therefore 
no reason to believe that the changes described were 
specific to multiple sclerosis, it seemed possible 
that the therapeutic benefit might be obtained in 
other conditions. In addition the belief that the 
type of reaction obtained in multiple sclerosis 
reflected a specific immunological abnormality made 
it essential to establish whether similar changes 
occurred in other diseases. We have therefore 
offered this treatment to patients with other incur- 
able neurological diseases. 


Material and Methods 

Seventeen patients with multiple sclerosis, nine with 
motor neurone disease, three with Huntington’s chorea 
without dementia, and three with Parkinsonism, all of 
whom were Mantoux-positive, have been treated. No 
patient was in the terminal stages of the disease. Their 
ages are shown in Table I. 

In each case the first injection of P.P.D. was given on 
a Monday after removal of cerebrospinal fluid for 
examination. The cerebrospinal fluid was re-examined 
on Tuesday, Wednesday, and Friday. On the following 
Monday, if no clinical response had occurred, this pro- 
cedure was repeated using a larger dose. The dose of 
P.P.D. used for each patient is set out in Table 1. With 
increasing familiarity with the clinical response larger 
initial doses were employed. 


277 





JOHN MARSHALL AND FRANCIS O’GRADY 


TABLE | 
DETAILS OF CEREBROSPINAL FLUID RESPONSE IN THE PRESENT SERIES 
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The Clinical Response.—This was characterized by 
headache, neck stiffness, fever, vomiting, and in many 
cases drowsiness. Patients who did not develop these 
symptoms were completely unaffected. 


Examination of the Cerebrospinal Fluid.—Cell counts 
were performed in the Fuchs Rosenthal chamber and 
preparations of the centrifuged deposit stained by 
Leishman’s method. All the examinations were made by 


one of us (F.O’G). Protein was estimated in the first 
15 cases by a micro-Kjeldahl method. Subsequently a 
nephelometric method was employed and a correction 
was applied (J. Arthur, personal communication). 


Skin Testing.—Doses of 10, 1, 0-1, and occasionally 
0-01 tuberculin units (t.u.) were given on the day on 
which the first intrathecal injection of P.P.D. was made 
(1 t.u. is contained in 0-1 ml. of 1 in 10,000 dilution of 
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| iberculin). Separate syringes were used for each dilution 
.ad separate needles for each patient. The injections 
\ ere made in order on the anterior aspect of the fore- 
;m so that the greatest dilution was most distal. The 
: eas of erythema and induration were measured daily 
. ad recorded as previously described (O’Grady, 1956). 
| atients who failed to respond were tested with 100 t.u. 

the time the second dose of intrathecal P.P.D. was 
, ven. 


Results 

Results in Multiple Sclerosis.—The intrathecal 
iajection of the first dose of P.P.D. produced no 
;2sponse in the cerebrospinal fluid of two patients 
ond a slow rise of cells in 10 of the 17 patients. This 
slow rise of cells was called the ‘‘a’’ type response. 
The administration of a second dose one week after 
the first to one of the patients (Case 14) who had 
no cellular response produced an “‘a’’ type response 
in the cerebrospinal fluid accompanied by a clinical 
response; hence she was given no further P.P.D. 
Likewise two of the 10 patients (Cases 11 and 13) 
gave a second “a’’ type response, and one patient 
(Case 7) a third, accompanied by a clinical response, 
and they were given no more P.P.D. The second 
patient who had failed to respond to the first dose 
(Case 5) and the remaining seven of the 10 patients 
who had given an “‘a”’ response produced a different 
type of reaction to their second dose of P.P.D. This 
was characterized by a peak of cells maximal within 
48 hours which subsequently settled to a plateau, or 
was followed by a further wave of cells maximal 
between the third and the seventh day. This latter 
type of response we have called the “*b’’ type. Five 
of the 17 patients gave only the “‘b’’ type response. 
Three of these patients had two “‘b”’ type responses, 
the first of which was not accompanied by a clinical 
reaction. In the ‘‘a” type response more than 90% 
of the cells were mononuclear, except in one case 
(Case 11) where 15% of polymorphs were found. 
Similarly, the predominant cell in the “b’’ type 
response was again the mononuclear, and in nine of 
the 13 cases the percentage of polymorphs did not 
exceed 31. In the remaining four patients, two of 
whom gave two “b’’ type responses (Cases 3 and 
15), the percentage of polymorphs in the first 
response was 63, 96, 80, and 42. Details of these 
responses are set out in Table 1. 

During the ‘‘a’’ type response the protein showed 
a slow rise maximal between three and seven days. 
Associated with the “b’”’ type response the protein 
showed a sharp peak within the first 48 hours 
followed by a plateau or a second less sharp increase. 
A typical combination of “a” and “‘b’’ type res- 
ponse is shown in Fig. 1. The frequency with which 
“a” and “b’”’ type responses were encountered are 
given in Table II. The maximum, minimum, and 
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TABLE II 


FREQUENCY OF TYPE OF RESPONSE IN EACH 
NEUROLOGICAL DISEASE 





Parkinsonism 
Motor and 
Neurone | Huntington’s 
| Disease Chorea 


Multiple 


| Sclerosis Total 





“a’’ type only 
“b” type only 


4 
6 
War and wd type 7 








1 
2 
6 


Total | 17 





mean cellular and protein responses during the “‘a”’ 
type responses are shown in Fig. 2, and in the “b” 
type response in Fig. 3. 


Results in Other Conditions.—The results in the 
three other chronic neurological diseases which we 
have studied differed in no essential from those 
described above. Of the nine cases of motor 
neurone disease, four gave an “‘a’’ type response and 
five ‘‘a’’ plus “‘b’’ type responses. The percentage 
of polymorphs did not exceed 13 in the “‘a”’ type 
responses and 50 in the “‘b”’ type responses. In the 
two other conditions, Huntington’s chorea and 
Parkinsonism, two of the six patients gave an “a” 
type response, one a “b’’ type, and three an “‘a” 
plus “b”’ type. The similarity between the results 
in the various conditions is shown in Figs. 1, 2, 
and 3. 


Skin Sensitivity to Tuberculin.—Two patients who 
were suffering from Parkinsonism and proved to be 
Mantoux-negative are not included in the series. In 
one the injection of 0-1875 yg. and subsequently 
0-375 yg. P.P.D. produced a minimal disturbance 
in cells and protein. In the other the injection of 
0-1875 yg. P.P.D. produced a maximum of 150 cells 
at 24 hours of which 50% were polymorphs with no 
change in protein. In the Mantoux-positive patients 
there was no direct correlation between the degree 
of skin sensitivity to tuberculin and the magnitude 
of the response in the cerebrospinal fluid (Table I). 


Discussion 


From the analysis of the temporal pattern of the 
responses in number and types of cells and the 
amount of protein, there appear to be two types of 
response in the present series. The first, which we 
have called the “‘a’’ type response, is characterized 
by a slow steady rise in the levels of cells and protein. 
The second, ‘“‘b’’ type response, consists of a peak 
of cells and protein within the first 48 hours, fol- 
lowed by a plateau or second wave of cells and 
protein maximal between the third and seventh 
days. The type of cell does not appear to be a 
criterion by which the responses can be differentiated 
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Fic. 1.—Typical examples of the ‘‘a’”’ plus “‘b” type responses in multiple sclerosis, motor neurone disease, and Parkinsonism. 
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PARKINSONISM 
HUNTINGTON'S 
CHOREA 


Fic. 2.—A comparison of the maximum, minimum, and mean cells and protein in the “‘a’’ type response in the 17 patients 
with multiple sclerosis, nine with motor neurone disease, and six with Parkinsonism or Huntington's chorea. 
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Fic. 3. —A comparison of the maximum, minimum, and mean cells and protein in the “‘b” type response in the 17 patients 
with multiple sclerosis, nine with motor neurone disease, and six with Parkinsonism or Huntington's chorea. 
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considerably the reported pattern of cellular re- 
sponse. 

In the present series the rise in protein was often 
more conspicuous than in the psychotic group; 
more so in fact than in the Oxford series (Table ITI). 
Substantially raised cerebrospinal fluid protein 
levels for more than 10 days are, however, shown 
for psychotic patients in Fig. 1 and Fig. 2 of 
Swithinbank et al. (1953). 

The significant difference in the psychotics is that 
they have a very much higher initial cell count and 
percentage of polymorphonuclear cells. It is pos- 
sible that this difference is the result of diminished 
tuberculin sensitivity in the theca of patients with 
chronic neurological disease possibly analogous with 
that seen in the skin in acute infectious illnesses, 
Hodgkin’s, and other diseases. On the other hand, 
the possibility that the abnormality is in the psychotic 
group cannot be ignored: 

The present series is too small, uncontrolled, and 
too recently treated to permit any conclusions to be 
drawn as to the therapeutic value of intrathecal 
P.P.D. The acute reaction may be severe, with a 
temporary exacerbation of existing neurological 
signs. Loss of sphincter control is especially com- 
mon and in the patients with multiple sclerosis may 
persist for several weeks. The severity of the 
reaction in some of the patients with Parkinsonism 


was sufficient to discourage further exploration of 
this method of treatment. 
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The final therapeutic assessment of intrathec: 
P.P.D. in multiple sclerosis must await the results c ° 
a controlled clinical trial. The present findings d: 
not in any way nullify the suggestion that thi; 
treatment may be of benefit. It is clear, howeve: 
that the lack of specificity of the response in multip! 
sclerosis is a disappointing finding. 


Summary 


The response in the cerebrospinal fluid to th: 
intrathecal injection of tuberculin has been studied 
in multiple sclerosis, motor neurone disease, Parkin 
sonism, and Huntington’s chorea without dementia 

Two types of response are described, the firs! 
being a slow rise in the levels of cells and protein, 
and the second an abrupt rise within 24 to 48 hours 
followed by a second rise or plateau at three to eight 
days. 

Both types of response are encountered in each of 
the four neurological diseases described. The re- 
sponse to intrathecal tuberculin in multiple sclerosis 
is not therefore specific to this disease. 
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That the disease is significantly more common in 
tie northern part of the northern hemisphere is one 
of the few epidemiological observations about 
multiple sclerosis which can be regarded as reason- 
ably well established. The cause for this increased 
incidence in colder climates remains entirely obscure: 
an increased prevalence of upper respiratory infec- 
tions or of vasospastic disorders under such con- 
ditions are amongst the possible mechanisms which 
have been speculatively invoked, but there is no 
reliable evidence in either direction. 

For these reasons it was considered of interest to 
study the case histories of a large number of patients 
with multiple sclerosis personally examined in the 
north-east of England, to ascertain 
whether there was any seasonal in- 
cidence, either in the onset or in 
exacerbations of the established 
disease. There is little previous in- 
formation on these lines in the litera- 
ture of the subject, and Limburg, in oO. 
the volume on multiple sclerosis and 
the demyelinating diseases, published 
by the Association for Research in 
Nervous and Mental Disorders in 
1950, discusses the difficulty in assess- 
ing seasonal variations retrospectively 
on the basis of mortality and mor- 
bidity statistics, and suggests further : 
observations drawn from clinical pro- 
tocols, as in the present study. Hopkins 20} _ 
and Swank (1955), in a study of 
patients in north-eastern Canada, 
found no monthly variation in ‘in- 
cidence but noted a significant cor- 
relation with diurnal temperature 
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possible that new symptoms may be caused by 
one or two strategically situated lesions amongst 
many simultaneously initiated or re-activated, and 
that some pathological exacerbations may even be 
entirely asymptomatic. However, both the onset of 
symptoms and, particularly the identifiable acute 
exacerbations of the disease, presumably indicate at 
the least a critical activation of the disease process— 
a pathological as well as a clinical exacerbation. 
Quite often, the progress of the disease is insidious 
throughout. Such cases were excluded from the 
present series but an analysis of 700 case histories 
yielded relevant information in 514 instances, 246 in 
which the onset could be clearly dated, and 268 
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multiple sclerosis cannot be dated 
within a month, and in any case it is 
unlikely that the onset of symptoms 
coincides exactly with the initiation of 
the pathological lesion. 


It is also 
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identifiable acute exacerbations. The monthly dis- 
tribution of these incidences, separately and in com- 
bination, is indicated in Fig. 1. 

There is little difference in the incidence per month 
of initial episodes (x? with 11 degrees of freedom 
= 10-617—not significant). More exacerbations, 
however, occurred in July than in any other month, 
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April to June, 120; July to September, 131; Octobe 
to December, 133) or for initial episodes or exacer 
bations. 


The author wishes to thank the North-East Multip] 
Sclerosis Trust for the financial support which has mad 
this work possible, and Dr. Henry Miller for suggestin 


baal ‘ : . the subject of the present investigation. 
but this increase in July is balanced by a decrease in 


June and August. When the incidence for three- 
monthly periods throughout the year is compared, 
there is no evidence of seasonal preponderance 
either for total episodes (January to March, 130; 
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THE SIGNIFICANCE IN HUMAN STEREOTACTIC BRAIN 
~SURGERY OF INDIVIDUAL VARIATION IN THE DIENCEPHALON 
AND GLOBUS PALLIDUS* 

BY 
J. B. BRIERLEY and ELISABETH BECK 


From the Department of Neuropathology, Institute of Psychiatry, Maudsley Hospital, London 


Access to deeply seated parts of the brain with 
minimal damage to structures other than the target 
itself was achieved in the experimental animal by 
Horsley and Clarke (1908). A coordinate system 
was employed based upon three fundamental planes, 
the mid-sagittal plane, a horizontal plane passing 
through the external auditory meati and the inferior 
margins of the orbits (the Frankfurt plane), and a 
coronal plane through the auditory meati at right 
angles to the latter. Thus the position of any point 
in the brain could be defined by three coordinates 
related to these three planes. 

It may fairly be said that the stereotactic technique 
opened a new chapter in the anatomical and physio- 
logical investigation of the animal brain and a vast 
literature has accumulated recording the results of 
its application to animals of many species from 
rodent to primate. Nevertheless while a reasonable 
constancy of body weight will ensure adequate 
accuracy in placing the needle tip in small animals, 
the factor of individual variation becomes more 
important in larger brains. Thus for the cat, 
Loewenfeld and Altman (1956) have demonstrated 
the lack of a constant relationship between brain 
structures and salient landmarks in the skull. Again, 
in the monkey, skull shapes may vary considerably 
between animals of similar body weight (Olszewski, 
1951). 

The first application of the stereotactic principle 
to the human brain was made by Spiegel, Wycis, 
Marks, and Lee (1947) in an attempt to replace the 
operation of prefrontal leucotomy by interruption of 
thalamocortical pathways in the thalamus itself. It 
was recognized that coordinates of subcortical struc- 
tures could never be estimated with any degree of 
accuracy if based upon bony landmarks alone. 
Further there was “. . . . great variability in the 
relation of the inter-aural plane to an intracerebral 
‘eference point, for example, the centre of the pineal 





*A preliminary communication has already been presented (Brierley 
ind Beck, 1957). 


body or of the posterior commissure’’ (Spiegel and 
Wycis, 1952). 

The chapter on variability studies forms a valuable 
part of this atlas and while indicating the value of 
the technique for targets as large as the dorsomedial 
nucleus of the thalamus or the globus pallidus, it also 
provided an incentive to a search for a method that 
might assure greater accuracy and thereby justify 
operations upon the smaller diencephalic nuclei. 

An important step forward consisted in the 
selection of a horizontal plane independent of any 
bony landmark and passing through midline 
diencephalic structures identifiable in a lateral 
radiograph in which the third ventricle was filled 
with air or a radio-opaque material. Several such 
horizontal planes have been used, the majority 
passing through the posterior commissure poster- 
iorly, and through either the lower margin of the 
interventricular foramen (Hassler and Riechert, 
1954) or the upper border of the anterior commissure 
(Talairach, de Ajuriaguerra, and David, 1952) 
anteriorly. The distance between these anterior and 
190Sterior points is measured in the patient’s encepha- 
(ogram (with correction for x-ray magnification) and 
in the “‘atlas” brain. The ratio between them has 
been used (e.g., Hassler and Riechert, 1954) as a 
factor by which the antero-posterior coordinate of a 
particular nucleus in the “‘atlas’’ brain can be cor- 
rected for that of the patient. The important 
assumption is therefore made that these two points, 
but particularly the posterior commissure, maintain 
a constant spatial relationship to thalamic and other 
diencephalic structures. 

The primary purpose of the present investigation 
was to test this assumption in a large series of human 
brains (Part I). From the outset it became apparent 
that the thalamic nuclear pattern at posterior com- 
missure level varied considerably from case to case. 
An attempt was therefore made to define a more 
reliable landmark from which to measure the antero- 
posterior coordinates of thalamic nuclei (Part II). 
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The data emerging from both studies cannot be 
regarded as any form of stereotactic atlas of the 
diencephalon; they indicate solely individual varia- 
tion and relationships and not the dimensions of 
individual nuclei. 

Additional information has also been obtained 
concerning the variation in the position of the globus 
pallidus. 


MATERIAL AND METHODS 

In all, 53 hemispheres from 47 formalin-fixed and 
suspended brains collected from general hospitals were 
used in the investigation. Any brain showing the least 
degree of distortion (particularly of the brain-stem) was 
rejected. However, a number showing slight to moderate 
cortical atrophy or a slight to moderate degree of hydro- 
cephalus (features likely to be present in a proportion of 
patients selected for stereotactic operations) were 
included. The weight range was 1,170 to 1,615 g. 

Each brain was divided in.the mid-sagittal plane. A 
**O” horizontal plane connecting the lower border of the 
interventricular foramen and the nearest point on the 
posterior commissure was marked with a fine needle on 
the medial aspect of the thalamus. This line was extended 
forwards across the septum pellucidum or rostrum of the 
corpus callosum and backwards across the midbrain 
tectum. 

In each hemisphere the distance, V (Fig. la), between 
posterior commissure and interventricular foramen was 
measured and also the “total thalamic length’’, T, from the 
interventricular foramen to the point where the ““O”’ hori- 
zontal plane intersects the posterior surface of the pulvinar. 

In each of the 40 hemispheres used in the first part of 
this study a coronal cut was made at right angles to the 
horizontal plane at the level of the anterior edge of the 
posterior commissure. An Edinger macrotome was used 
to ensure that this first cut passed precisely at right 
angles to the mid-sagittal plane. Further parallel cuts 
were then placed at 3 to 5 mm. intervals, the slice thick- 
ness being adjusted so that one cut passed through the 
mid-thalamic point, i.e., half way between the posterior 
commissure and the interventricular foramen, and one 
through the lower border of the interventricular foramen 
(Fig. 1a). 

Histological examination was carried out on the slice 
adjacent to the mid-thalamic and posterior commissure 
planes. The “O” horizontal plane was marked on the 
coronal face of each by two small punch holes aligned at 
right angles to the sagittal plane at the level of the ‘““O” 
plane itself. From each slice a block was cut to include 
thalamus, sub-thalamus, and a variable portion of the 
pallidum. Frozen sections were cut at 50 » and stained 
for nerve cells (Nissl’s method) and for myelin sheaths 
(Woelke’s modification of Weigert Pal). In view of the 
rapid change in thalamic nuclear configuration, especially 
at the posterior commissure, care was taken to stain the 
first two sections from each block. 

Projection diagrams were drawn from the sections and 
the “‘O” horizontal plane was indicated by a line passing 
through the two small punch holes referred to above. 

In the remaining 13 hemispheres (Part II) the ““O”’ hori- 
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zontal plane was marked as before. The “total thalamic 
length’”’ was then measured and coronal cuts were placed 
at 0, 25, 50, 75, and 100% of this value measured for- 
wards from the pulvinar thus producing four slices of 
equal thickness. Projection diagrams were drawn to 
illustrate all but the zero percentage level; these included 
basal ganglia as well as thalamic structures. Myelin- 
stained sections of the thalamus were prepared for the 
25 and 50% levels only and supplemented by Nissl- 
stained sections to define nuclear configuration where 
necessary. At the 75 and 100% levels, all structures were 
macroscopically visible so that the diagrams could be 
prepared from the slices themselves. 

For the globus pallidus, the position of its lateral and 
inferior borders with respect to the midline and horizontal 
zero planes was determined at the 100, 75, and 50% levels, 
the medial tip at the 75 and 50% planes only. It was thus 
possible to compare the thalamic nuclear pattern and the 
position of the globus pallidus, at each percentage level 
in all 13 hemispheres. 


RESULTS IN PART I 


Relations of the Posterior Commissure 
(40 Hemispheres) 

Antero-posterior.—The distance between the inter- 
ventricular foramen and the posterior commissure 
(ventricular length, V) varied from 20-0 to 26:0 mm. 
(average 23-4 mm.). There was virtually no correia- 
tion between V and brain weight. 

The total thalamic length (T) was found to vary 
between 31:0 and 38-0 mm. (average 34:5 mm.). 
There was some broad correlation between total 
thalamic length and brain weight, so that for any 
particular weight, the length T might vary up to 
+ 2:5 mm. 

The inclination of the horizontal plane as seen on 
the medial surface of the hemisphere was found to 
be very variable. When prolonged anteriorly this 
line could pass anywhere between two points 1:5 mm. 
below and 7:0 mm. above the posterior end of the 
lamina rostralis of the corpus callosum. 

The distance from the posterior commissure to 
the tip of the pulvinar (P) equals 26 to 41% of the 
total thalamic length and this value (referred to in 
the following as the “‘percentage value’’) had no re- 
lation to brain weight or to the total thalamic length 
itself. The difference between these two extreme per- 
centage values was 15:-4%. This implies that in a 
brain of average total thalamic length (34-5 mm.), 
the posterior commissure would lie anywhere within 
an antero-posterior distance of 5-3 mm. 

Between the extreme positions of the posterior 
commissure the 40 brains could be grouped accord- 
ing to their percentage values as follows:— 

(1) 25 to 29% in 12 specimens 
(2) 30 to 34% in 15 specimens 


(3) 35 to 39% in 10 specimens (+ three at 40, 40. 
and 41%) 
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G. 1.—Diagram of the mid-sagittal plane in- 
dicating the horizontal plane (AC) through the 
lower border of the interventricular foramen and 
anterior curvature of the posterior commissure; 
extended posteriorly to intersect the pulvinar 
at (D) and anteriorly across the septum. 

= total thalamic length (AD) 
ventricular length (AC) 
half ventricular length (AB, BC) 
length of pulvinar behind pos- 
terior commissure (CD). 


B. Diagram of coronal section at mid- 
thalamic level to illustrate the vertical extent (X) 
below, and (Y) above the zero horizontal line. 





25 to 29%, Level.—Within this group, the more 
posterior nuclear pattern comprised the pulvinar and 
the two geniculate bodies (Fig. 2b). The more 
anterior pattern included, in addition, the extreme 
posterior tips of the centromedian nucleus and of 
the nucleus ventralis posterior. The geniculate bodies 
might be absent or only one, the lateral, might be 
present. 

There was one exception in this group with a 
percentage value of 29 in which the centromedian 
nucleus was fully developed and the dorsomedial 
nucleus was also present. It thus approximated to 
the features of the next group. 


30 to 34°%% Level.—Here the nuclear pattern was 
more uniform (Fig. 6b) and comprised the junction 
of the pulvinar with the dorsomedial nucleus, the 
nucleus lateralis posterior, and the full development 
of the centromedian, ventralis posteromedialis, and 
ventralis posterolateralis nuclei. The extreme 
anterior tip of the lateral geniculate body was pre- 
sent in five specimens. 


35 to 41° Level.—The nuclear configuration dif- 
fered from that in the previous group in that the 
dorsomedial nucleus was fully developed. The 
nucleus lateralis dorsalis was present in seven 
specimens. In all but two, the lateral geniculate 
body was no longer seen (Fig. 2a). 


Left-right Differences.—Nine whole brains were 
ivailable in which to compare left and right sides. 
In all nine the left and right ventricular lengths 

















did not differ by more than | mm. In each of six 
brains in which the total thalamic lengths and thus 
the percentage values of the posterior commissure 
were very similar, there was no appreciable difference 
between the nuclear patterns at the level of the latter. 
In three brains (Fig. 3) with identical ventricular 
lengths there were left-right differences in total 
thalamic length (up to 3-5 mm.) and thus different 
percentage values and nuclear configurations at the 
posterior commissure level. The larger percentage 
values exhibited the more anterior characteristics. 


Vertical.—In the vertical plane the position of the 
posterior commissure (and therefore that of the “O” 
horizontal plane) with respect to the thalamic nuclei 
was also subject to variation. The distance from the 
*“O” horizontal plane to the lower (X) and the upper 
(Y) border of the thalamus (Fig. 1b) were measured 
at the posterior commissure level in the three groups 
of brains described above. The ratio Y/X was 
recorded and also the total thalamic height (X +- Y). 





| 
Group 1 = 
| 


Group 2 


m 
m 
Group 3 m 





Relations of the Mid-thalamic Point 


The position of the mid-point of the line between 
the interventricular foramen and the posterior 
commissure varied between 60-5 and 70% of the 
total thalamic length measured from the pulvinar. 
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Fic. 2.—Disparity between the thalamic nuclear configuration at the posterior commissure level in two hemispheres with 
percentage values (of posterior commissure) of (A) 38 and of (B) 27. 


Fic. 3.—Disparity between the thalamic nuclear configuration at posterior commissure level in one brain. 
length is equal (24 mm.) but the total thalamic length is unequal (left 30 mm., right 37 mm.). 
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Tractus mammillo-thalamicus 
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Commissura posterior 
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Nucleus ruber 
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Nucleus ventralis postero-medialis thalami 











The ventricular 











SIGNIFICANCE OF BRAIN VARIATION IN HUMAN STEREOTACTIC SURGERY 291 


t 1 cM j 





























Fic. 4.—Typical and closely similar thalamic nuclear configuration at 25% of the total thalamic length measured from the pulvinar. 
The percentage values of the anterior curvature of the posterior commissure were A = 40, B = 23, C = 36,D = 28. 


A Nucleus anterior thalami Mth Tractus mammillo-thalamicus 
AC Commissura anterior OT = Tractus opticus 
AM Amygdala PC = Commissura posterior 
Cc Nucleus caudatus Pf = Nucleus parafascicularis 
cc Corpus callosum PN . Pineal 
CM Nucleus centrum medianum PU =  Pulvinar 
DM Nucleus medialis dorsalis thalami PUT = Putamen 
F Fornix R = Nucleus reticularis 
RU == Nucleus ruber 

GLP Globus pallidus * 

et . Sb = ‘Nucleus subthalamicus 
HC Commissura habenularis é SN = Substantia nigra 
LD Nucleus lateralis dorsalis thalami VA = Nucleus ventralis anterior thalami 
LG Corpus geniculatum lateralis VL = Nucleus ventralis lateralis thalami 
LP Nucleus lateralis posterior thalami VPI = Nucleus ventralis postero-inferior thalami 
MG Corpus geniculatum medialis VPL = Nucleus ventralis postero-lateralis thalami 


MM - Nucleus mammillaris medialis VPM = Nucleus ventralis postero-medialis thalami 
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This represented a distance of about 3-3 mm. in a 
brain of average total thalamic length (34:5 mm.). 
The variation in nuclear pattern between the two 
extremes was not great. The dorsomedial and ventro- 
lateral nuclei were seen in all cases, while at the 
anterior limit of variation the posterior end of the 
anterior complex was seen. At the posterior limit, 
the nucleus lateralis dorsalis was present and the 
anterior complex was absent. 

In the vertical plane “*X” varied from 0 to 5:5 mm. 
and in two cases the lower border of the thalamus 
lay 2:0 mm. above the “‘O” horizontal plane. The 
distance “Y” varied from 11-0 to 17-5 mm., total 
thalamic height (X + Y) from 14-0 to 21-0 mm. and 
the ratio Y/X from 2-3 to 12-4, indicating the incon- 
stancy of the level at which the “O” horizontal 
plane intersects the thalamus. 

It was noted that a broad relationship was demon- 
strable when the total thalamic height (X + Y) was 
plotted against brain weight. The range of (X + Y) 
for any one brain weight was + 2:0 mm. 


RESULTS IN PART II 
Antero-posterior Organization in the Thalamus 


In this series of 13 hemispheres the distance ‘*V”’ 
varied from 21 to 26 mm. and the total thalamic 
length “T” from 30-5 to 38-0 mm. The distance from 
the posterior commissure to the tip of the pulvinar 


equals 23 to 40% of the total thalamic length. In 
all but one case (23%) the posterior commissure 
lay a variable distance in front of the 25% level. 


25% Level (Fig. 4).—The pulvinar was seen in all 
13 hemispheres, the full development of both 
geniculate bodies appeared in nine, the lateral 
geniculate in three, and neither in one. The extreme 
posterior tip of the centromedian nucleus appeared 
in four specimens and the posterior end of the 
ventralis posterolateralis and posteromedialis in 
three. 

At the anterior limit of variation the posterior 
ends of VPM, VPL, and the centromedian were 
present (Fig. 4B), whereas the pulvinar alone was 
seen at the posterior limit (Figs. 4A, C, D). The 
distance between these two extremes would be 
about 1-5 mm. in an average total thalamic length 
of 34-5 mm. 

In all but one case a variable portion of the pos- 
terior commissure and periaqueductal grey matter 
were displayed at this level. 

In the vertical plane ““X”’ varied from 0 to 3-0 mm. 
In five cases the lower border of the thalamus lay up 
to 3-0 mm. above the ““O” horizontal plane. ‘“‘Y” 
varied from 13 to 19 mm., the total thalamic height 
from 12 to 18-5 mm., and the ratio Y/X from 4 to 
12-5. 
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50% Level (Fig. 5).—At this level the anterior tip 
of VPM, VPL, and the centromedian nucleus wer: 
seen. The fully developed dorsomedial nucleus la: 
medially, the lateralis posterior laterally, and th 
lateralis dorsalis dorsally. Antero-posterior variatio: 
at this level involved only a narrow band at th . 
anterior end of VPM, VPL, and CM representing . 
distance of about 1-5 mm. 

Globus Pallidus—The cross sectional areas an: 
configuration were closely comparable throughoui. 
The medial edge of this structure lay between 13 anil 
24 mm. and the lateral border between 24 and 29 mm. 
from the midline. The lower border lay from 2 to 
9 mm. below the horizontal zero plane. 

In the hypothalamic region the 50% corona! 
plane passed through the posterior parts of the 
mammillary bodies in three brains and lay posterior 
to them in the remaining ten. 

In the vertical plane “*X”’ varied from 0 to 4-5 mm., 
“Y” from 15 to 21 mm., (X + Y) from 17 to 22 mm., 
and the ratio Y/X from 4 to 23. 


75%, Level (Fig. 5).—At this level the ventralis 
lateralis, the ventralis anterior, and the anterior 
part of the dorsomedial nuclei were seen. The 
anterior complex was fully developed in all cases. 
The extent of antero-posterior variation in the 
thalamus at this level was very small and probably 
less than a millimetre. The mammillo-thalamic 
tract (bundle of Vicq d’Azyr) appeared in 11 brains. 

Globus Pailidus.—The cross sectional areas and 
internal configuration were again closely similar at 
this level. The medial edge lay between 12 and 19 
mm. and the lateral edge between 22 and 32 mm. 
from the midline. The lower border lay from 2 to 
9 mm. below the horizontal zero plane. 

Ventrally, the 75% coronal plane passed through 
the middle of the mammillary bodies in the two 
brains, through their anterior portions in two, and 
through the tuberal region in nine. 

In the vertical plane ‘*X” varied from 0 to 5:0 mm. 
and in three instances lay up to 1 mm. above the 
“O” horizontal plane. “Y”’ varied from 12 to 20 
mm., total thalamic height (X + Y) from 15-5 to 
21-0 mm., and the ratio Y/X from 2:5 to 10. 


100% Level (Fig. 5).—This lay anterior to the 
thalamus and presented only the internal capsule 
(anterior limb) and the anterior portion of the corpus 
striatum. 

Globus Pallidus.—Only the outer segment was 
seen at this level in all cases. Its lateral border lay 
between 15 and 23 mm. from the midline and its 
lower border between 4 and 10 mm. below the ‘‘O” 
horizontal plane. The medial edge of the pallidum 
was too ill-defined macroscopically to permit of 
measurement. 
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Fic. 5.—Typical nuclear configuration at 100, 75, and 50% levels of the total thalamic length measured from the pulvinar. 


Nucleus anterior thalami Mth Tractus mammillo-thalamicus 
Commissura anterior OT Tractus opticus 

Amygdala PC Commissura posterior 
Nucleus caudatus Pf Nucleus parafascicularis 


Corpus callosum PN Pineal 
Nucleus centrum medianum PU Pulvinar 
Nucleus medialis dorsalis thalami PUT Putamen , : 

; R Nucleus reticularis 
Fornix , RU Nucleus ruber 
Globus pallidus : Sb Nucleus subthalamicus 
Commissura habenularis SN Substantia nigra 
Nucleus lateralis dorsalis thalami VA Nucleus ventralis anterior thalami 
Corpus geniculatum lateralis VL Nucleus ventralis lateralis thalami 
Nucleus lateralis posterior thalami VPI Nucleus ventralis postero-inferior thalami 
Corpus geniculatum medialis VPL Nucleus ventralis postero-lateralis thalami 
Nucleus mammillaris medialis VPM Nucleus ventralis postero-medialis thalami 
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DISCUSSION 

It should again be stressed that this investigation 
was undertaken not to provide a stereotactic refer- 
ence atlas but solely to assess the importance of 
individual variation in so far as it concerns spatial 
relationships in the diencephalon and _ globus 
pallidus. 

In any study of spatial relationships in the brain, 
consideration of post-mortem distortion is of 
primary importance. In the human brain this factor 
is unavoidable since, in the absence of the support 
and volume of the pulsating vascular tree, cerebral 
dimensions will be reduced to an unknown and 
variable extent (Mark and Yakovlev, 1955). Further, 
the cerebrospinal fluid, in which the brain almost 
floats in vivo, disappears rapidly after death causing 
the brain to sink upon the subjacent cranium with 
consequent distortion. Perfusion in situ as employed 
by Spiegel and Wycis (1952) and by Talairach, David, 
Tournoux, Corredor, and Kvasina (1957) will not 
correct this factor as evidenced by the unequal 
spacing of the initially parallel guide needles 
inserted into the fresh specimen by the latter authors. 
Thus there appeared to be no greater objection to 
making use of brains removed as soon as possible 
after death and suspended (by the basilar artery) in 
a large volume of fixative. In such specimens 
furthermore, the range of thalamic length (20-0 to 
26:0 mm.) is similar to that encountered in a series 
of 14 normal encephalograms corrected for x-ray 
magnification (22:5 to 26:0 mm.). 

Again, the variation in the position of the posterior 
commissure, together with the existence of a pro- 
portionate arrangement of the thalamic nuclei along 
the total thalamic length suggest that neither of 
these findings could be attributed to distortion con- 
sequent upon fixation. Individual variation is there- 
fore the most probable explanation of the observed 
differences in both the antero-posterior and the 
vertical relations of the posterior commissure. 

In the antero-posterior axis, the posterior com- 
missure lay between 26 and 41 % (first series of 40 
brains) and 23 and 40% (second series of 13 brains) 
of the total thalamic length measured from the tip 
of the pulvinar. The underlying thalamic nuclear 
pattern was seen to become more posterior in 
character the further caudalwards the posterior 
commissure lay along the thalamic axis (Figs. 2 and 
6). Cases with identical “‘ventricular lengths” (22 
mm.) but different percentage values for the posterior 
commissure (29 to 38) showed correspondingly 
different nuclear patterns at this level (Fig. 6). On 
the other hand, cases with similar percentage values 
for the posterior commissure (36 to 37) and different 
ventricular lengths (20-5 to 24:0 mm.) presented 
almost identical nuclear patterns (Fig. 7). 
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Spiegel and Wycis had already noted variability in 
the position of the posterior commissure, its distance 
from the posterior border of the lateral geniculate 
body or the pulvinar varying by up to 3-0 mm. 
Similarly Mark and Yakovlev found. that the dis- 
tance from the commissure to the posterior tip of 
the “‘posteromedial portion of the ventral nucleus” 
varied from 2:1 to 7-2 mm. in a series of five hemi- 
spheres. The finding of Talairach et al. that the 
posterior edge of the centromedian nucleus always 
lay at the level of the posterior commissure was not 
confirmed in the present material. 

The existence of left-right asymmetry in the posi- 
tion of diencephalic nuclei was described by Delmas 
and Pertuiset (1954) but was not observed by 
Talairach et al. In the present investigation there 
were three brains in each of which the nuclear 
configuration at the posterior commissure differed 
considerably between the two sides. While in each 
brain the ventricular lengths were closely similar, 
the total thalamic lengths and therefore the per- 
centage values of the posterior commissure differed. 
The more posterior nuclear configuration was to be 
seen on the side with the lower percentage value 
(Fig. 3). 

The additional variability of the posterior com- 
missure in the vertical plane follows from the demon- 
stration that the zero horizontal plane through the 
commissure intersects the thalamus at an inconstant 
level. Thus in the first series, the ratio X/Y varied 
from 2:6 to 33-0 at the coronal level of the com- 
missure and from 2:3 to 12:4 at mid-thalamic level. 
Similar variation in this ratio was noted at each of 
the four coronal planes studied in the second series. 

The practical implication of these findings is that 
the posterior commissure should not be used as a 
landmark from which to measure the antero- 
posterior coordinates of nuclei in the thalamus. 
This consideration will be of particular importance 
for such small structures as the sensory relay nuclei 
(VPL, VPM), the centromedian, and the sub- 
thalamic nuclei, where the proximity to the interna! 
capsule makes maximum accuracy desirable. 

For the antero-posterior coordinate it seems that 
greater accuracy could be attained by making use 
of the fact that the thalamic nuclei appear to occupy 
relatively constant proportions of the total thalamic 
length as suggested by the findings in the second 
series. The total thalamic length can be estimated 
in an air encephalogram in which the line from the 
anterior commissure or interventricular foramen to 
the posterior commissure is prolonged backwards 
to intersect the surface of the pulvinar as visualized 
with air in the cisterna ambiens. The antero- 
posterior correction factor would then be the ratio 
between this length in the patient’s brain (corrected 
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FiG. 6.—Disparity between the thalamic nuclear configuration at the posterior commissure level in three hemispheres of identical 
ventricular length (22 mm.) but different percentage values (38, 31, and 29). 
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Fic. 7.—Similar thalamic nuclear configuration at the posterior commissure level in four hemispheres with closely similar 
percentage values (36 to 37) but different ventricular length (20 to 24). 
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or x-ray magnification) and the same distance in 
he brain from which the stereotactic atlas had been 
wepared. Such an atlas should also indicate the 
yroportion of the total thalamic length occupied 
xy the target nucleus. 

For the vertical coordinate, however, it is clear 
hat the only valid correction factor would be one 
elating the total thalamic heights in the atlas and 
satients’ brains. It is clearly impossible, however, 
o know the position of the lower border of the thala- 
nus and thus its total height. In the absence of 
nformation concerning the extent of the patient’s 
halamus below the horizontal plane (X), a ratio 
vetween its height above the horizontal plane (Y) 
n atlas and patients’ brains as employed, for 
example, by Riechert and Hassler (1955), cannot 
constitute a correction factor valid for every 
case, 

For the lateral coordinate, a correction factor is 
also required and Riechert and Hassler have made 
use of the ratio between the thalamic breadths in 
the atlas and the patients’ brains. This dimension is 
measured in the antero-posterior encephalogram as 
the horizontal distance between the septum pellu- 
cidum and a perpendicular through the upper and 
outer angle of the lateral ventricle. That this latter 
line is not a reliable index of the outer border of the 
thalamus was shown by Talairach et al. who con- 
cluded that there was no single “‘lateral’’ correction 
factor valid for all cases. It was suggested that for 
any one nucleus a value should be employed repre- 
senting the mean of its coordinates as determined in 
anatomical studies. The findings of the present 
investigation are in support of these conclusions. 


Limits of Accuracy 


When the best available correction factor has been 
applied to each of the three coordinates an attempt 
must be made to answer the question, What are the 
limits of accuracy of which the stereotactic technique 
is capable? It is clear that three groups of factors 
are relevant :— 


(1) Distortion during Fixation and Processing.— 
This factor concerns the preparation of the “atlas 
brain’. It should at once be emphasized that the 
dimensions in vivo of this brain, including “‘ventri- 
cular” and “total thalamic” lengths, cannot be 
known. The additional unavoidable distortion 
occurring after death and during fixation and pro- 
cessing has already been discussed. 


(2) Individual Variation.—Reasons for the rejec- 
ton of the posterior commissure as a reference 
point for antero-posterior measurements in the 
t»nalamus have been presented. Even if use is made, 


as suggested, of the relative constancy of the position 
of nuclei along the total thalamic length, it is 
believed that accuracy cannot be better than +. 0-75 
mm. in the zero horizontal plane and will be poorer 
for points above or below it. 

In the vertical direction, however, the problem of 
variation would appear to be insuperable and at 
least as far as the thalamus is concerned vertical 
accuracy will range from +. 2:5 to 3-5 mm. accord- 
ing to the antero-posterior level. 

The appearances of the globus pallidus at the 100, 
75, and 50% thalamic levels show little variation, 
suggesting that its antero-posterior disposition may 
parallel that of the thalamus. In the vertical and 
lateral directions variation is considerable and would 
appear to be random. 


(3) Instrumental.—The use of radiographic con- 
trol as, for example, by Hassler and Riechert (1954) 
and Leksell (1949), ensures that the position of the 
needle tip shall be exactly that calculated from the 
stereotactic atlas after application of the appro- 
priate correction factors. In this way instrumental 
error can be reduced to negligible proportions. 

It will thus be apparent that the accuracy of the 
stereotactic technique in the human brain will be 
determined not by the mechanical precision of a 
particular instrument but by the unavoidable short- 
comings of every atlas and by our limited ability to 
assess and to correct for the major factor of indivi- 
dual variation. It is to be emphasized that studies 
of the latter should be based not only on an adequate 
number of specimens but also upon histological 
investigations which alone can reliably define the 
boundaries of diencephalic nuclei. 

In conclusion, a coordinate system based upon a 
horizontal plane through the posterior commissure 
has been shown to be subject to the variability of 
the position of the latter (in antero-posterior and 
vertical directions). Nevertheless it seems unlikely 
that any more satisfactory plane can be defined for 
the diencephalon on the basis of structures identi- 
fiable in an encephalogram of the third ventricle. 
The present writers are therefore of the opinion that 
the future of the stereotactic technique probably lies 
in the direction of the development of physiological 
methods which will permit the exploration of nuclei 
and fibre systems with minimal trauma until the 
target is reached as judged by physiological criteria. 
The role of the three-coordinate system (using 
optimal corrections for individual variation) would 
then be to define the minimal volume of tissue to be 
explored.* 





*The authors regret that they have been unable to gain access to 
a copy of “Introduction to Stereotaxis with an Atlas of the Human 
Brain” by G. Schaltenbrand and P. Bailey (1958). 
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SUMMARY 


Wide individual variation in the antero-posterior 
and vertical position of the posterior commissure 
was demonstrated in a histological investigation of 
40 hemispheres. 

The posterior commissure was found to bear no 
constant relationship to the thalamic nuclei in the 
antero-posterior or vertical plane. 

The antero-posterior range of the position of the 
posterior commissure was from 26 to 41% of the 
total thalamic length. This difference represented 
5-3 mm. in an average total thalamic length of 
34:5 mm. 

In the vertical plane the position of the posterior 
commissure varied by up to 6°5 mm. with respect 
to the upper surface of the thalamus. 

A proportionate arrangement of the thalamic 
nuclei in the antero-posterior axis was demon- 
strated in all 53 hemispheres. 

A less inexact method was suggested for the 
determination of the antero-posterior coordinate of 
a thalamic nucleus. No comparable method 
appeared feasible for the vertical coordinate. 

Considerable variation was demonstrated in the 
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lateral and vertical coordinates of the globus pallidus 
Limitations of accuracy in human stereotacti 

brain surgery were discussed, the paramoun 

importance of individual variation being stressed. 


We are indebted to Dr. R. D. Hoare, consultan 
neuroradiologist to the Guy’s-Maudsley Neurosurgica 
Unit, for permission to make use of the series o 
encephalograms. 
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SENSORY, MOTOR, AND REFLEX CHANGES IN TWO 
CASES OF INTRACTABLE PAIN AFTER 
STEREOTACTIC MESENCEPHALIC TRACTOTOMY 
BY 
ANSGAR TORVIK 
From the Neurosurgical Clinic, Lund, Sweden, and the Department of Pathology, Ulleval Hospital, Oslo, Norway 


Section of the spino- and trigeminothalamic 
fibres at the level of the mesencephalon for in- 
tractable pain was first performed by Dogliotti 
(1938). A few years later Walker (1942a) developed 
a standard technique for section of the pain fibres 
at the level of the posterior margin of the superior 
colliculus, and later several cases of mesencephalic 
tractotomy were published (Guiot and Forjaz, 
1947; David, Talairach, and WHécaen, 1947; 
Sj6quist, 1949; Walker, 1950; Schwartz, 1950; 
White and Sweet, 1955). Since this procedure 
involves a somewhat high mortality, attempts have 
been made at the Neurosurgical Clinic in Lund to 
destroy the spinothalamic tract at mesencephalic 
levels by stereotactic methods. So far the operation 
has been tried in only a few cases. The present 
report represents an analysis of the neurological 
and necropsy findings in two patients. 

Both cases presented were operated upon by 
Professor Leksell in Lund. The technique and 
apparatus employed have been described elsewhere 
(Leksell, 1957), and will only be briefly commented 
upon below. 


Case Reports 


Case 1.—The patient was a 19-year-old girl suffering 
from cancer in the right lung. Her pulmonary symptoms 
started in June, 1956, and at the time the diagnosis was 
confirmed the tumour was considered inoperable. She 
was admitted to the Neurosurgical Clinic in Lund, 
Sweden, on December 14, 1956, because of unbearable 
pain in the right upper extremity and the right half of 
the chest. The pain was considered to be due to meta- 
stases with pressure on the right brachial plexus and 
intercostal nerves, and it was decided to perform a 
left-sided mesencephalic tractotomy. 


Pre-operative Neurological Examination.—In addition 
to the spontaneous pain, she complained of intense 
cutaneous hyperaesthesia in the right upper extremity 
and right side of the chest. There was a slight hypo- 
aesthesia to pinprick within the same area, but no 
sensory loss in the rest of the body. Muscle-joint sensa- 
tion and stereognosis were normal. The right upper 


extremity showed some diffuse muscular atrophy and was 
somewhat weaker than the left. These symptoms were 
probably in part due to inactivity caused by the hyper- 
aesthesia. There were no pareses of the other ex- 
tremities, and movements were rapidly and precisely 
performed in all limbs. The abdominal, plantar, and 
tendon reflexes were normal. Examination of the cranial 
nerves did not reveal any abnormalities. 


Operation.—The operation was performed under 
local anaesthesia on December 21, 1956. The stereo- 
tactic apparatus developed by Leksell (1957) was used, 
and the lesion was produced by bipolar thermo- 
coagulation to 52°C. The electrodes were introduced 
through a small burr hole in the left parieto-occipital 
region with the mesencephalic aqueduct and posterior 
commissure as reference points. Stimulation of both 
electrodes before the coagulation produced a sensation 
of pain in the entire right half of the body, and the 
operation resulted in subtotal analgesia in the right half 
of the body. No detailed neurological examination 
was made immediately after the operation. 


Post-operative Course.—The patient recovered from 
the operation within a few days. Her general condition 
improved considerably, and she got out of bed and 
started walking a little. She still felt slight pain in the 
right side of the chest and arm, but it was insignificant 
compared with the pre-operative state, and the dose of 
analgesics was reduced to a minimum. However, six 
weeks after the operation she again gradually got worse, 
with increasing dyspnoea and emaciation. She now 
had severe pain in the left side of the chest, and gradually 
also in the right side. There was no certain increase of 
the pain in the right arm, and the pain in the right side 
of the chest was considerably less than on the left. The 
dose of analgesics again reached the pre-operative level. 
During the last weeks it was difficult to obtain reliable 
information concerning the intensity of the pain on the 
two sides. She died from increasing respiratory distress 
and general emaciation on March 9, 1957, two and a half 
months after the operation. 


Post-operative Neurological Examinations.—The first 
complete neurological examination was performed four 
days after the operation. She was then analgesic to 
pinprick on the right arm and leg (Fig. 1) but strong 
pinching of the skin evoked a diffuse disagreeable feeling 
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Fic. 1.—Diagram showing the dis- 
tribution of the preserved cu- 
taneous sensation in Case 1. 
Cross-hatchings indicate sub- 
total anaesthesia, hatched areas 
somewhat better preserved sen- 
sation for all cutaneous sensory 
modalities. The best preserved 
sensation was found around the 
mouth and within the buccal 
cavity. 


SL) 


which spread to most of the extremity. The same 
paraesthesiae were produced by vibration from a tuning 
fork. In the right half of the trunk there was a slight, 
but distinct pain reaction to pinprick, which was fairly 
well localized. The same degree of hypoalgesia was 
found in the right half of the forehead, while the 
sensation was somewhat better preserved on the chin. 
Around the mouth and lips and in the right half of the 
buccal cavity and tongue, there was a rather strong 
reaction to pain precisely localized. The best 
preserved pain sensitivity was found within the 
mouth. A similar distribution was found for 
preserved temperature and tovch. Strong 
warm and cold stimuli were seldom correctly 
perceived on the right arm and leg, while tem- 
perature differences were rather wel! differ- 
entiated on the trunk and particularly in and 
around the mouth. Touch stimuli were fre- 
quently felt on the right arm and leg, but very 
poorly localized. On the trunk light touch 
stimuli were perceived and more precisely 
localized while the best preservation was found 
within the buccal cavity (Fig. 1). Muscle-joint 
sensitivity was very poor. She could sometimes 
localize movements in the shoulder, knee, etc., 
but could not tell which finger or toe was 
moved. The taste sensation was greatly 
diminished on the right half of the tongue, but 
not abolished. On the left side of the body ali 
sensory qualities were normal. 

During the further course there was no 
change in the sensory status except for some 
increase in the paraesthesiae on pinching the 


skin. They could, however, only be produced by rathe 
intense stimuli. 

From the first day after operation it was noted tha 
the right plantar response was extensor. On examin: 
tion four days after the operation there was a slight pares: 
of the right arm and leg. The tendon reflexes we: 
considerably increased on the right side with clonic ank| 
jerk, and there was possibly also a slight increase of t! 
left patellar and Achilles reflexes. The right abdomin: 
reflexes were almost abolished. During the followin 
days the tendon reflexes on the right side grew strong! 
hyperactive, and there also appeared to be some increas: 
of the left knee and ankle jerks. The strength of th 
right arm and leg gradually improved. One month afte 
the operation the strength of the right arm was definitely) 
better than pre-operatively, and there was practically 
no paresis of the right leg. Because of the loss of deep 
sensibility, finer tests for motor performance could not 
be made. There was no spasticity, and the strength and 
movements of the left extremities were normal. From 
the first month after the operation until death no furthe: 
changes in the motor or reflex findings were observed. 

Necropsy.—The whole right lung was infiltrated by a 
bronchial carcinoma which spread across the mediasti- 
num and compressed the left main bronchus. Metastases 
were found in regional lymph nodes, the chest wall, and 
the right supraclavicular fossa. 

The brain was fixed in situ by intra-arterial formalin 
perfusion. The spinal canal was not opened, and only 
the brain and the upper cervical segments of the spinal 
cord were removed. After further fixation in 96% 
alcohol the brain was cut and carefully examined. 
There were no signs of metastases. Nor was there any 
bleeding of importance along the electrode tracks. The 
brain-stem was cut in 15-204 thick transverse serial 
sections, and every tenth section was mounted and stained 
with thionin to determine the extent of the lesion and 
for further anatomical studies. Other sections were 


Fic. 2.—Photomicrograph of a Weil-stained section at the level of the lesio: 
in Case 1, 
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Fic. 3.—Drawings made by means of a projection apparatus showing the extent of the lesion at various levels in Case 1. 
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CAUVOAL 


The stippled 


area in the drawing to the right shows the localization of the degenerated fibres in the cerebral peduncle. 


BIC : Brachium of inferior colliculus. 


CM: Centrum medianum. 

CP: Cerebral peduncle (basis pedunculi) 
FMT : Mamillothalamic fasciculus. 

i: Left. 

MG: Medial geniculate body. 

NH: Habenular nuclei. 

NM: Nucleus dorsomedialis of thalamus. 
NP: Nuclei of pulvinar. 


stained according to the methods of Weil, Bodian, and 
Davenport. 


The Stereotactic Lesion.—The brain-stem lesion 
formed a sharply circumscribed and quite regular cavity 
(Fig. 2), which was filled with debris and macrophages 
and surrounded by a thin and sparse gliotic rim. In the 
rostro-caudal direction the lesion extended from the 
level of the posterior commissure to the rostral level of 
the trochlear nucleus (Fig. 3). The left medial lemniscus 
and spinothalamic tract apparently were completely 
destroyed. Furthermore, there was a considerable lesion 
of the mesencephalic reticular formation and the 
brachium of the inferior colliculus, and a small part of 
the red nucleus and superior colliculus was also damaged. 
Practically no lesion was found in the basal cerebral 
peduncle in spite of careful examination. Only a small 
tip in the lateralmost part of the peduncle, measuring 
2-3 mm.? in cross section, was damaged (Fig. 3). The 
fibres from this damaged area could be followed further 
caudally as a tiny and sharply localized gliotic segment, 
which disappeared among the lateralmost parts of the 
pontine nuclei (Fig. 3, dotted area). Sections stained 
by the Bodian, Weil, or Davenport methods did not 
reveal any degeneration of corticospinal fibres at the 
level of the lesion or further caudally. 


Case 2.—The patient was a 50-year-old woman. In 
1944, a sarcoma of the uterus was diagnosed, and the 
uterus was removed. After the operation she was free 
from symptoms until June, 1956, when she had severe 


NR: 
NVP : 


Nucleus ruber. 

Nucleus ventralis posterior of thalamus. 
NIII Nucleus of oculomotor nerve. 

NIV: Nucleus of trochlear nerve. 

PC: Posterior commissure. 

Rs: Right. 

SC:  Supericr colliculus. 

SN: Substantia nigra. 

Ill: Oculomotor nerve. 


pain in the left arm radiating to the three middle fingers. 
Radiographs showed multiple metastases in the lungs, 
but no bony metastases. She was admitted to the Neuro- 
surgical Clinic in Lund on June 18, 1956. The pain, 
which was considered due to pressure on the brachial 
plexus from metastases in the supraclavicular fossa, 
could not be controlled by analgesics, and it was decided 
to do a right-sided stereotactic mesencephalic tractotomy. 


Pre-operative Neurological Examination.—There were 
signs of peripheral nerve lesions in the left arm and hand, 
with pareses and hypoaesthesia corresponding to the 
lower cervical segments. The left triceps reflex was 
abolished. No other neurological abnormalities could be 
detected. 


Operation.—The patient was operated on on July 9, 
1956, by the same technique as in the preceding case. 
The temperature in the centre of the lesion in this case 
reached 60°C. Immediately after the operation she 
appeared to be analgesic on the left side. However, she 
was rather drowsy, and no detailed examination could 
be made. 


Post-operative Course.—She recovered rapidly from 
the operation and was able to walk within one week. 
However, she then developed rapidly increasing dyspnoea 
and died 14 days after the operation. She had no pain 
in the left arm in the post-operative period. 

Post-operative Neurological Examinations.—The in- 
formation available about the post-operative neurological 
symptoms is somewhat less exact than in the preceding 
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Fic. 4.—Drawings made by means of a projection apparatus showing the extent of the lesion at various levels in Case 2. 


Brachium of inferior colliculus. 

Centrum medianum. 

Cerebral peduncle (basis pedunculli). 
: Mamillothalamic fasciculus. 

Left. 

Medial geniculate body. 

Habenular nuclei. 

Nucleus dorsomedialis of thalamus. 

Nuclei of pulvinar. 


case. There was a left-sided hemi-hypalgesia to pin- 
prick, which did not change during the post-operative 
course. The hypalgesia was more marked on the 
extremities than on the trunk and face, and apparently 
it was also more marked in the distal than proximal 


Fic. 5.—Photomicrograph of Weil-stained section at the level of the lesion in Case 2. 


NR: Nucleus ruber. 

NVP: Nucleus ventralis posterior of thalamus. 
N III: Nucleus of oculomotor nerve. 

NIV: Nucleus of trochlear nerve. 

PC : Posterior commissure. 

mR: Right. 

SC: Superior colliculus. 

SN : Substantia nigra. 

Ill : Oculomotor nerve. 


parts of the extremities. It is stated that there was a 
complete left-sided hemi-anaesthesia for temperature, 
touch, and muscle-joint sensibility. Nothing is men- 
tioned about post-operative paraesthesiae and reflex 
findings. She apparently had no pareses. 
Necropsy.—Widespread metastases 
from the sarcoma were found in the 
lungs, mediastinum, and heart. The 
brain and upper segments of the spinal 
cord were removed and fixed in 10% 
formalin. The entire brain was cut 
without finding evidence of metastases. 
The part of the brain containing the 
lesion was cut in transverse serial 
sections and treated in the same way 
as described for the preceding case. 
The Stereotactic Lesion.—The lesion 
was considerably larger and more 
anteriorly placed than in the preceding 
case, extending in a _ rostro-caudal 
direction from the habenular nuclei to 
the caudal end of the medial geniculate 
body (Fig. 4). There was considerable 
damage to the medial parts of the 
thalamus. At more caudal levels the 
right lemniscus medialis and spino 
thalamic tract were probably com- 
pletely destroyed. Also in this case the 
lesion was sharply delimited (Fig. 5) 
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[he central parts contained blood and necrotic tissue, 
surrounded by a rather dense zone of macrophages. 
The astroglial reaction was very slight. The greater 
»xtent of the lesion in this case was possibly in part due 
o an additional small haemorrhage. 


Discussion 


The Sensory System.—In spite of the large brain- 
tem lesions in the two cases reported there was a 
‘onsiderable amount of sensibility left on the con- 
ralateral side of the body. When attempting to 
‘xplain these findings, the first point of interest is 
vhether parts of the medial lemniscus or spino- 
halamic tract might have escaped destruction. At 
caudal mesencephalic levels the medial lemniscus 
and spinothalamic tract cover a rather wide area 
on cross section. However, they converge some- 
what towards the diencephalon, and according to 
the present knowledge about the localization of the 
tracts at these levels (Walker, 1940; Rasmussen 
and Peyton, 1941; Riley, 1943; Glees and Bailey, 
1951), there can be little doubt that they were 
completely severed in both cases. Since most 


investigators studying the localization of the tracts 
have employed stains visualizing medullated fibres 
only, it might be objected that the finest fibres may 
be more dispersed than the medullated ones, thus 
having escaped destruction in the present cases. 


However, fibre analyses from cross sections of the 
spinal cord (Haggqvist, 1936), as well as experiences 
with cordotomies (White and Sweet, 1955), indicate 
that the finest fibres of the spinothalamic tracts 
probably run intermingled with the myelinated 
ones, and a further separation of fine and coarse 
spinothalamic fibres above the level of the spinal 
cord does not appear likely. Furthermore, con- 
sidering the somatotopic localization in the spino- 
thalamic tract and medial lemniscus, the finding of 
equal sensory loss in the arm and leg with relatively 
well preserved sensory perception on the trunk in 
both cases does not accord with the preservation of 
particular segments of the spinothalamic tract or 
medial lemniscus. 

As will be known, anatomical as well as clinical 
findings indicate that some of the spinothalamic 
libres ascend in the spinal cord without crossing to 
the opposite side (Foerster and Gagel, 1933; 
White and Sweet, 1955), while the fibres of the 
medial lemniscus appear to be entirely crossed 
(Rasmussen and Peyton, 1948). The question then 
arises whether the preserved sensory perception in 
the present cases may be explained by transmission 
of sensory impulses through ipsilateral spinothalamic 
libres. If this is correct, the same degree of sensory 
loss would be expected following mesencephalic 
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tractotomy and cordotomy in the spinal cord. 
However, complete section of the anterolateral 
quadrant of the cord is usually followed by long- 
lasting contralateral analgesia, while some sensi- 
bility to pain frequently recurs shortly after 
mesencephalic tractotomy (White and Sweet, 1955). 
Furthermore, the distribution of the hypoaesthesia 
in the present cases, with relatively well preserved 
sensibility in the trunk, differs from the findings in 
cordotomies. It seems likely, therefore, that con- 
duction through ipsilateral spinothalamic tract 
fibres cannot be the only explanation for the pre- 
served sense perception in the cases reported. 
These deliberations thus lead to the suggestion 
that in the brain-stem fibre systems other than the 
spinothalamic tract and medial lemniscus may be 
of importance for the perception and discrimination 
of sensory stimuli. From the first case described it 
appears that this applies to all cutaneous sensory 
qualities, while muscle-joint sensitivity, which was 
practically abolished, is probably almost entirely 
conveyed by the totally crossing medial lemniscus. 
The number of direct spinothalamic fibres 
apparently is relatively small (Glees and Bailey, 
1951), while numerous crossed and uncrossed spino- 
reticular, spino-tegmental, and spino-tectal fibres 
have been described (see Walker, 1940; Johnson, 
1954; Rossi and Brodal, 1957; Bowsher, 1957). 
Similarly secondary trigemino-reticular fibres appear 
to be abundant (Ramon y Cajal, 1909; Scheibel, 
1955; Nauta and Kuypers, 1958) Furthermore, 
reticulo-, tegmento-, and tectothalamic fibres have 
been described, particularly to the reticular and 
intralaminar thalamic nuclei (see Bucher and Biirgi, 
1953; Johnson, 1953; Papez, 1956; Scheibel and 
Scheibel, 1958; Nauta and Kuypers, 1958). 
Admitting an extralemniscal component in the 
transmission of specific sensory impulses at brain- 
stem levels, one cannot escape considering these 
plurisynaptic spino- and trigeminothalamic con- 
nexions as possible pathways. Some experimental 
support for this view as regards sensitivity to pain 
has recently been given by Melzack, Stotler, and 
Livingston (1958). These connexions have been 
considered of particular importance in the trans- 
mission of diffuse pain sensations related to the 
so-called thalamic syndrome (Hécaen, Talairach, 
David, and Dell, 1949; Bowsher, 1957). On 
account of the convergence of different sensory 
modalities on single reticular neurones and the 
diffuse cortical spread of ascending impulses 
through the intralaminar and reticular thalamic 
nuclei, it has been considered unlikely that this 
system participates in the transmission of impulses 
leading to perception, discrimination, and recog- 
nition of sensory stimuli (French, Verzeano, and 
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Magoun, 1953). However, recent anatomical in- 
vestigations have demonstrated reticulothalamic 
projections also to the specific thalamic nuclei 
(Scheibel and Scheibel, 1958; Nauta and Kuypers 
1958), and convergence of impulses from different 
receptors on some of the reticular neurones scarcely 
excludes a more specific sensory transmission 
through the same system. 

The contralateral facial and buccal sensitivity was 
particularly well preserved in the first case described, 
while no ipsilateral hypoaesthesia of the tongue 
was observed, as described by Walker (1942b). 
In this connexion the crossed and uncrossed dorsal 
trigeminothalamic tracts probably have to be con- 
sidered as possible pathways of importance. It 
seems likely, although it cannot be proved, that 
the lesion in both cases also encroached upon the 
dorsal trigeminal tracts, while, of course, those on 
the opposite side remained intact. The information 
available about the anatomical and functional 
properties of these tracts is insufficient and in part 
contradictory (for reviews see Smyth, 1939; Walker, 
1939; Russell, 1954; Berry, Anderson, and Brooks, 
1956; Torvik, 1957). However, their possible role 
in specific sensory transmission cannot be entirely 
denied. 

The distribution of the preserved sensitivity 
described in the present report (Fig. 1) is frequently 
encountered after cortical and thalamic lesions 
(Foerster, 1936; Kornyey, 1936). It has not been 
mentioned in other reports on mesencephalic 
tractotomy, but probably should be looked for in 
similar lesions. Such observations would sub- 
Stantiate the suggestion that in the caudal brain- 
stem fibre systems other than the spinothalamic 
tracts and medial lemnisci are involved in the 
specific transmission of sensory impulses of different 
qualities. 


The Reflex Changes.—Only the first case reported 
permits analysis of the possible influence of the 
brain-stem lesion on motor function and reflex 


mechanisms. This patient showed considerable 
increase of the contralateral tendon reflexes as well 
as extensor plantar response and weak abdominal 
reflexes during the entire post-operative course. 
Probably there was also some increase of the tendon 
reflexes of the ipsilateral leg. Damage to the cortico- 
spinal fibres in the brain-stem by the lesion itself or 
by post-operative oedema can probably be excluded 
as causes for these changes. Nor was there any 
evidence of cerebral metastases. However, since 
the spinal canal was not opened, the possibility of 
intraspinal metastases in the cervical region has to 
be taken into account. The refiex changes appeared 
immediately after the operation, and in the following 


ANSGAR 


TORVIK 


two and a half months there were no signs o 
progression in the neurological symptoms, excep 
for some increase in tendon reflexes during th 
first weeks. Although not conclusive, this cours 
would not be expected in intraspinal metastases fron 
a rapidly growing tumour. The possibility thu 
remains that the “extrapyramidal” brain-ste: 
lesion was responsible for the reflex change 
observed, even if in current neurological thinkin 
reflex changes of this kind have been considere: 
almost pathognomonic of pyramidal tract lesion 
in man. 

On the basis of animal experiments it has lon; 
been maintained that the spasticity and hyper 
reflexia following lesions of the internal capsuk 
are chiefly caused by damage of extrapyramida! 
projection fibres (see Tower, 1949). According to 
Mettler (1944) and Mettler and Zimmerman (1943), 
the latter fibres probably cross the midline at the 
level of the rostral pole of the red nucleus. Con- 
clusive human observations with regard to these 
problems are few, but several investigators stress the 
importance of pyramidal tract lesions in spasticity 
and hyperrefiexia in man (Walshe, 1947; Lassek, 
1954). However, the recent observations by Bucy 
(1957) that section of the corticospinal fibres at the 
level of the mesencephalon may give rise to only 
slight pareses and very little spasticity and hyper- 
reflexia, strongly suggest an important extra- 
pyramidal component in the production of spastic 
pareses also in man. From the observations of 
Mettler (1944) and Mettler and Zimmerman (1943), 
it does not appear unlikely that in the present case 
the lesion at the level of the red nucleus might 
provoke bilaterally increased tendon reflexes. 

There is little doubt that pyramidal tract lesions 
in man and anthropoid apes usually give rise to 
extensor plantar response and weak or abolished 
abdominal reflexes (Fulton and Keller, 1932; 
Tower, 1949; Lassek, 1954). Less is known of 
whether these reflex changes may also occur follow- 
ing other lesions of the central nervous system. 
According to Lassek (1954), the Babinski sign may 
probably occur in man without pyramidal tract 
affection, and Nathan and Smith (1955) in cor- 
dotomy material found extensor plantar responses 
in several cases without lesions of the pyramidal 
tract, as well as normal plantar reflexes in cases 
with definite damage to corticospinal fibres. 
Corresponding observations apparently have not 
been made with regard to abdominal reflexes. 
However, according to the findings in the present 
report, it seems possible that both plantar and 
abdominal reflexes may be _ influenced by 
brain-stem lesions leaving the pyramidal tract 
intact. 





CHANGES AFTER STEREOTACTIC MESENCEPHALIC TRACTOTOM Y 


Summary 


Two cases with intractable pain are reported in 

hich unilateral stereotactic brain-stem lesions were 
iade in order to destroy the spinothalamic tracts. 
oth patients suffered from advanced cancer with 
1etastases. One of the patients, who pre-opera- 

vely had severe pain in the right arm and chest, 

ved for two and a half months after the operation. 

Juring the last weeks there was some recurrence 
(f the pain in the chest, but not in the arm. The 
cther patient died from pulmonary metastases 
4 days after the operation. She was relieved from 
(1e pain during the post-operative course. 

In both cases some sensitivity was preserved on 
ihe contralateral side of the body, particularly on 
the trunk and face, in spite of complete destruction 
of the spinothalamic tract and medial lemniscus. It 
is Suggested that transmission of sensory impulses 
through fibre systems other than the spinothalamic 
tracts and medial lemnisci in the brain-stem may 
be responsible for the preserved sensibility. 

In the first case the tendon reflexes, extensor 
plantar response, and weak abdominal reflexes were 
increased, on the contralateral side of the lesion 
and probably also the tendon reflexes in the homo- 
lateral leg were somewhat exaggerated. Post- 
mortem examination of the brain-stem showed 
no involvement of the corticospinal fibres. The 
findings indicate that tendon reflexes as well as 
abdominal and plantar reflexes may be influenced 
by lesions of extrapyramidal fibre systems. 
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QUANTITATIVE ELECTROMYOGRAPHIC CHANGES ASSOCIATED 
WITH MUSCULAR WEAKNESS 


BY 


J. A. R. LENMAN* 
From the Neurological Unit, the Northern General Hospital, Edinburgh 


It has been shown that when a human muscle 
contracts the mean voltage of the electromyogram 
recorded from its surface increases with the force 
of the contraction (Bayer and Flechtenmacher, 1950; 
Inman, Ralston, Saunders, Feinstein, and Wright, 
1952; Lippold, 1952). ~The relationship between 
tension and mean voltage is linear provided the 
contraction is isometric (Lippold, 1952). With an 
isotonic contraction the voltage depends also on the 
velocity of shortening of the muscle (Bigland and 
Lippold, 1954) so that the relationship only remains 
linear if that is held constant. If a muscle is fatigued 
by a prolonged isometric contraction the relationship 
between voltage and tension remains linear but is of 
a different slope. More electrical activity is associated 
with a given tension in the fatigued state (Edwards 
and Lippold, 1956). This is also true if the fatigue 
results from isotonic exercise (Scherrer, Samson, 
and Paléologue, 1954). 

Under standardized conditions it is possible to 
record similar voltage/tension curves from the same 
subject on different occasions (Lenman, 1959). The 
experiments described here were carried out to 
determine the range of slope for the curves relating 
mean voltage and tension in the upper limb muscles 
of healthy subjects and of patients with weak 
muscles resulting from neurological or muscular 
disease. 


Material and Methods 

Simultaneous records were made of the isometric 
tension and the mean voltage recorded from surface 
electrodes over the biceps or triceps muscle of 12 healthy 
subjects and 26 patients with weakness of these muscles. 
The measurements were made by the method described 
before (Lenman, 1959). The tension was recorded by a 
strain gauge dynamometer in which the gauges formed 
part of a Wheatstone bridge fed by alternating current. 
The out-of-balance voltage, which was proportional to 
the applied force, was amplified and appeared on one 
channel of a pen recorder. The electromyogram was 
recorded from surface electrodes of 1 cm. diameter 
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placed 3 cm. apart over the belly of the muscle. It was 
amplified and fed into an integrator circuit (Bates and 
Cooper, 1954) producing pulses of frequency propor- 
tional to the mean voltage. These appeared on the other 
channel of the pen recorder. 

Curves relating tension (lb.) to mean voltage (mV) 
were made by recording these simultaneously while the 
subject carried out a series of isometric contractions at 
different tensions, the apparatus being calibrated as 
described before (Lenman, 1959). The ratio tension 
electrical activity may be looked on as a measure of 
neuromuscular efficiency. In this presentation the reci- 
procal (voltage/tension) has been used so that the results 
can be compared with those of Lippold (1952). 


Results 


Experiments on Healthy Subjects.—The tension 
of the biceps or triceps was recorded simultaneously 
with the integrated electromyogram throughout a 
range of contractions in 12 healthy subjects. The 
mean values over five-second epochs were deter- 
mined and voltage/tension curves constructed. The 
regression equation (Y = a + bx) for each curve 
was Calculated and the slope (b) was expressed as a 
regression coefficient (Fig. 1). 


mV. 


2-0 Fic. 1. 


Voltage tension 
curves for the right 
triceps of healthy sub- 
ject before and after 
fatigue. (a) Initial 
curve Y 0-1110X— 
0:040. (b) Curve ob- 
tained following weak 
isometric contraction 
sustained for five 
minutes. Y =0-1675X 
+ 0-O211. 
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Fic. 2.- 


Voltage tension curves from biceps of healthy subject and eight patients with neurogenic weakness. 


10 Ib. 


fa) Healthy subject 


b = 0:0521; (b) Case 1, zoster myelitis, b = 0-0358; (c) Case 2, pseudobulbar palsy, b = 0-0388; (d) Case 3, neuralgic amyo- 


trophy, b = 0-0427; (e) Case 4, syringomyelia, b = 
(h) Case 7, b : 


Curves obtained from 12 biceps muscles of 10 
subjects had a slope which ranged from 0-0290 to 
00875 with a mean regression coefficient of 0-0484 
and a standard deviation of 0:0169. With six triceps 
muscles of six subjects the slope was steeper, ranging 
from 0-0470 to 0-1553, with a mean of 0-0972 and a 
standard deviation of 0-0428. 

Fig. 1 shows the effect of a prolonged fatiguing 
isometric contraction on the slope of the curve for 
one of these triceps muscles. The increased slope 
indicates decreased neuromuscular efficiency as 
defined above. 


Patients with Disease of the Nervous System.— 
These patients had muscular weakness resulting 
from disease of the nervous system, such as motor 
neurone disease, peripheral neuritis, or cerebral 
vascular disease. The slopes of the voltage/tension 
curves fell within the normal range. The high 
voltages associated with maximal contractions of 
normal muscles were not obtained because with these 
patients the maximal contractions were very much 
weaker. Over the range of tensions they were able 
to exert, the voltages registered were of the same 
order of magnitude as those of the healthy subjects. 
The slope of the curves for eight biceps muscles of 
cight subjects in this group (Fig. 2) ranged from 
00271 to 0-1077 with a mean of 0-0510 and a 


0-1077; (f) Case 5, polyneuritis, b 
0-0571; (i) Case 8, b = 0-2714; (g), (h), and (i) all motor neurone disease. 


00442; (g) Case 6, b 0-0543; 


standard deviation of 0:0334. The difference between 
this mean and that for the 10 normal biceps muscles 
was not significant. The slope of the voltage/tension 
curve for the triceps of Case 22 (motor neurone 
disease) was within the normal range (Fig. 5). 


Patients with Primary Muscular Disease.—Similar 
experiments were carried out on patients with weak 
muscles as a result either of a muscular dystrophy 
or polymyositis. Voltage/tension curves were con- 
structed for two triceps muscles of two patients with 
muscular dystrophy and six biceps muscles of four 
patients with muscular dystrophy and two with 
polymyositis. The curves were of steeper slope than 
in the previous groups (Fig. 3) indicating decreased 
neuromuscular efficiency. 

The regression coefficients for the triceps muscles 
were 0-9798 (Fig. 5) and 0-4291. For the six biceps 
they ranged from 0-0723 to 0:2575 (Fig. 3) with a 
mean of 0-1427 and a standard deviation of 0-0694. 
The significance of t for the difference between the 
mean slope of the curves of these six muscles and of 
those of the 12 healthy biceps was 0-001. 


Patients with Poliomyelitis.—Nine patients who 
had weak muscles as a result of poliomyelitis at 
least one year previously were studied. The voltage/ 
tension curves recorded were of particularly steep 
slope. The regression coefficients for the seven 
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FiG. 3.—Voltage tension 
curves from biceps of a 
healthy subject and six 
patients with primary 
muscular disease (Cases 
11 and 12 polymyositis, 
the rest muscular dystro- 
phy). (a) Healthy sub- 
ject, b = 00521; (b) elie 
Case 9, b = 0:1629; 

(c) Case 10, b = 0-0754; 10 15 20 
(d) Case 11, b = 0-2575; 
(e) Case 12, b = 0-1667; 
(f) Case 13, b = 0-0723; 
(g) Case 14, b = 0-1216. 
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biceps studied ranged from 0-1302 to 1:7611 with a 
mean of 0:6842 and a standard deviation of 0-5634 
(Fig. 4). The significance of t for the difference 
between this mean and that of the 12 normal 
biceps was 0-001. The slope of the curve for the 
triceps of Case 24 was 0-3809 (Fig. 5) and of Case 25 
was 0-2997. 

The values of mean voltages associated with 
maximal contractions were higher in this group 
than in the other groups although the tensions 
produced were iow. Thus Case 24 registered a mean 
voltage of 6:0 mV. during a maximal contraction of 
15 lb. tension. The highest mean voltage recorded 
from a healthy muscle in this study was about 
3-0 mV. (tension over 30 Ib.). 





Discussion 


Bigland and Lippold (1954) in their study of the 
relationship between force, velocity, and integrated 
electrical activity in human muscles concluded that 
these three factors are interdependent and that the 
integrated electrical activity provides a measure of 

ti . ae ny ey the number of active fibres and their frequency of 
5 10 15 2 25 30 35 Ib. activation. This is supported by the subsequent 
observation that in fatigued muscle the relationship 

ee ee between tension and integrated electrical activity is 
Sf aaiudee ak es ce > @ ae still linear but is of different slope. In a fatigued 

(b) Case 15, b = 0-1302; (c) Case 16, b = 0-4430; muscle more electrical activity is associated with 2 

6 eet Se 2 Se oe ee SS ee: given tension (Edwards and Lippold, 1956). This 


(fy Case 19, b = 1:0350; (g) Case 20, b = 0-4334; - $ : ; P 
(h) Case 21, b = 1-7611. tension is maintained by recruitment of more 
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FiG. 5.—Voltage tension curves from triceps of a healthy subject and three patients with muscular weakness. (a) Healthy 


subject, b 


Case 24, poliomyelitis, b ~ 0-3809. 


fibres. The slope of the curve relating voltage to 
tension may thus be regarded as a measure of the 
efficiency of the individual fibres composing a muscle 
(in fact the reciprocal of efficiency). The more 
effective the fibres as contractile units, the fewer will 
be required to maintain a given tension and the less 
steep will be the voltage/tension curve. For weak 
muscle the following relationship could be pre- 
dicted. 

If a muscle becomes weak through interference 
with its nerve or from an upper motor neurone 
lesion so that the full number of motor units can no 
longer be activated one would expect no alteration 
in the relationship between voltage and tension. 
The voltage and tension associated with a maximal 
contraction would be less in proportion to the 
reduction in the number of available motor units. 
Where weakness is due to a structural change in the 
muscle fibres, so that these can no longer exert their 
full tension, the position would be analogous to that 
obtaining in a fatigued muscle. To maintain a given 
\ension, a larger number of fibres would be activated, 
ihe integrated voltage would be greater and the 
lope of the voltage/tension curve would be steeper. 

The first group of patients reported here had 
nuscular weakness resulting from disease of the 


0-1386; (b) Case 22, motor neurone disease, b 


= 0-1292; (c) Case 23, muscular dystrophy, b 0-9798 ; (d) 


nervous system affecting either the spinal cord or 
the peripheral nerves. The slopes of the voltage/ 
tension curves obtained from these patients lay 
within the normal range. This accords with the 
view that the loss of strength in these patients is due 
to a reduction in the number of available motor 
units. 

The second group of patients had weakness result- 
ing from disease of the muscles. Six of the eight 
cases had voltage/tension curves which were 
strikingly steeper than normal. The remaining two 
cases had curves with regression coefficients within 
the normal range though considerably greater than 
the mean normal value. This alteration in slope 
indicates that the contractile force of the muscle 
fibres was reduced without a corresponding reduction 
in the size of their action potentials (lowered 
mechanical efficiency). It is possible that the voltage/ 
tension curve may be of diagnostic value in primary 
muscular disorders and may also be of interest in 
studying the progress of the disease. 

The nine patients who had weakness resulting 
from poliomyelitis all had curves considerably 
steeper than the normal and unexpectedly high 
voltages were associated with maximal contractions 
although the relationship between voltage and 
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tension was still linear. All of these patients differed 
from the first group with disease of the nervous 
system in that a long period—sometimes several 
years—had elapsed since the disease was active. 
Animal experiments have demonstrated that in 
partially denervated muscle recovery proceeds by 
the surviving nerve fibres sprouting to supply 
denervated muscle fibres, so that the animal ends 
with a reduction in the number of motor units which 
are of greater size (Van Harreveld, 1945; Hoffman, 
1950). Coérs (1954) and Wohlfart (1955) have 
described the same process in human muscle during 
recovery from poliomyelitis. If the muscles of 
patients in the recovering stages of poliomyelitis are 
examined with concentric needle electrodes it is 
found that the mean amplitude and the mean 
duration of the action potentials are greater than 
normal (Hertz, Madsen, and Buchthal, 1954). It is 
reasonable to regard these-large action potentials as 
originating from motor units enlarged by collateral 
sprouting. The high mean voltages recorded here 
may be the result of this increase in size of the motor 
units. The increase in slope of the voltage/tension 
curves seems to suggest that motor units enlarged 
by collateral sprouting are less efficient contractile 
units, fibre for fibre, than units of physiological 
size. 

Collateral sprouting is not a phenomenon con- 
fined to recovering poliomyelitis but is also known 
to occur in other conditions, notably motor neurone 
disease (Coérs, 1954; Wohlfart, 1957). In this 
condition large motor units are frequently observed 
on routine electromyography with needle electrodes. 
It is of interest therefore that the few cases of motor 
neurone disease studied here showed voltage/tension 
curves within the normal range of slope. The 
disease is usually rapidly progressive and it is 
likely that in these patients the rate of destruction of 
anterior horn cells was proceeding sufficiently fast 
to outstrip any process of recovery. 
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Summary 

The range of slope of the curves relating integrate< 
mean voltage to isometric tension of the upper arn 
muscles has been determined for a group of health 
subjects. Curves for the triceps are steeper thar 
those obtained from the biceps. 

In patients with muscular weakness due to diseas: 
of the nervous system reducing the number of avail 
able motor units the slope of the voltage/tensior 
curves lies within the normal range. 

In neuromuscular fatigue, myopathic muscle, and 
late cases of poliomyelitis the slope is increased, 
indicating reduced mechanical efficiency. 

These results are as predicted from theoretical 
considerations except in poliomyelitis. It is suggested 
that this discrepancy is due to collateral sprouting of 
surviving neurones. 

I wish to thank those physicians and surgeons in the 
Edinburgh hospitals who allowed their patients to be 
studied. Dr. J. A. Simpson provided facilities for this 
study and his interest, encouragement, and helpful 
criticism are greatly appreciated. The work was sup- 
ported by a grant from the Scottish Hospitals Endow- 
ments Research Trust which is gratefully acknowledged. 
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THE DIAPHRAGM IN DYSTROPHIA MYOTONICA 


BY 


J. E. CAUGHEY and N. PACHOMOV 
From the Otago Medical School, Dunedin, New Zealand 


In a previous publication, Caughey and Gray 
(1954) reported three patients out of 25 with 
cystrophia myotonica in whom the diaphragm was 
raised on one side. Rouques (1931) in his case 
records described another case but makes no com- 
ment on it. Caughey and Gray suggested that this 
incidence (12%) of diaphragmatic lesions may be 
statistically significant and may come to be 
recognized as one of the variable features of the 
disease. Since the original report, Benaim and 
Worster-Drought (1954) have reported a case of 
dystrophia myotonica affecting both halves of the 
diaphragm, causing pulmonary hypoventilation 
with anoxaemia and secondary polycythaemia, and 
Bashour, Winchell, and Reddington (1955) have 
reported a case of dystrophia myotonica with 
cyanosis, polycythaemia, and unilateral elevation 
of the diaphragm. Recently we have had an oppor- 
tunity to study two further cases of dystrophia 
myotonica with an elevated diaphragm, and, in one 
of them, to obtain a biopsy of the diaphragm. It is 
considered that this report is justified in view of new 
points which it raises. 


Case Reports 

Case 1.—A man, aged 62 years, a civil servant, was 
admitted to the Postgraduate Hospital, Hammersmith, 
London, under the care of Dr. Milne, who kindly referred 
him to me. He was well until 1953 when he began to lose 
weight. He was investigated at the Paddington Chest 
Clinic, but no abnormality of the chest was discovered 
and the E.S.R. was not raised. 

In November, 1953, he developed an attack of right 
upper abdominal colic which persisted for several hours. 
After that attack he had a series of attacks similar in 
nature but varying in severity. With each he developed 
flatulence and anorexia and in one attack his urine became 
dark and he became jaundiced. 

To direct questioning he stated that his neck had been 
weak for several years; his vision had deteriorated lately. 
He had not noticed any difficulty in relaxing his grip. 
His mother was alive and well. His father died of a 
stroke and one sister had had a stroke. He had had no 
children and his libido had failed somewhat, and 
apareunia had existed for four years. 


On examination he was moderately well developed 
and well nourished. He was slightly jaundiced. The 
ocular fundi were normal and there were bilateral 
lens opacities. He had a myopathic facies with slight 
ptosis. There was no mechanical myotonia of the 
tongue. The sternomastoid muscles were almost com- 
pletely wasted and the other anterior cervical muscles 
were wasted and weak. The upper extremities were 
moderately well developed. There was no wasting or 
weakness. There was no active or mechanical myotonia. 
Sensory appreciation was normal; the deep reflexes were 
present and equal; the abdominal muscles were not 
weak. There was no wasting of the lower extremities. 
The tone, power, and coordination were normal. There 
was no mechanical myotonia of the small muscles of 
the feet. The deep reflexes were present and equal. 
There was tenderness over the gall bladder region. The 
serum bilirubin level was 6-9 mg./100 ml.; the alkaline 
phosphatase 27-7 units; the van den Bergh test gave a 
positive direct reaction. The albumin-globulin ratio and 
the total protein content were normal. The prothrombin 
time was 30 to 45 seconds. 

Radiography of the skull was normal. The chest film 
(Fig. 1) showed elevation of the ventral part of the right 
half of the diaphragm and this was confirmed by the 
lateral film. Paradoxical movement was seen on screen- 
ing. A cholecystogram revealed stones and impaired 
gall bladder function. 


Operation.—Professor I. Aird on May 4, 1954, per- 
formed a cholecystectomy and took biopsies from the 
right half of the diaphragm, the sternomastoid, and 
rectus muscles. Dr. Harrison reported as follows on the 
muscle biopsies: 


Section of the rectus abdominis, diaphragm, and 
the sternomastoid muscles show changes which vary 
in degree from fairly minimal changes in the rectus 
to more marked disease of the diaphragm and sterno- 
mastoids. There is an abnormal variation in the size of 
the muscle fibres from 120 microns to grossly atrophied 
fibres seen in a few foci in the diaphragm, which are 
only a few microns across. There are areas of fibrosis 
in relation to atrophic fibres which may be interpreted 
as condensation of perimysin. There is an excess of 
adipose tissue, more particularly in the sternomastoid 
muscle where fibres are uniformly small. Occasional 
fibres show migration of nuclei from their usual 
peripheral situation to become aligned in the centre 
of the fibre, but this is not an outstanding feature. 
There is no cellular reaction or infiltration. 
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Case 2.—Mr. J.B.W., aged 50 years, was first admitted 
to the North Canterbury Hospital in 1950 for investi- 
gation of increasing muscular weakness. The first 
symptom noticed by the patient was that when he tried 
to turn a key his right hand cramped. At the time of 
admission to hospital there was weakness of the legs 
which had been present for 10 years and difficulty in 
gripping objects which had been noticed for six years. 
The patient has not been able to support his head and 
could not get up from the lying position. There was 
also loss of libido and the patient volunteered that his 
voice had become “‘thick”’. 

On examination he was an obese man with an expres- 
sionless face, ptosis of the eyelids, and facial weakness. 
Speech was slurred. There was frontal baldness but the 
facial hair was normal and body hair grew profusely. 

The testicles were small and atrophic. Cataracts were 
not seen. 

The apex beat of the heart was 3 in. from the midline. 
The heart sounds were regular but of poor quality. 
The pulse was 70 and blood pressure was 140/70 mm. 
mercury. The percussion note over the chest was not 
impaired but a few scattered rales were heard. 

There was marked weakness of the facial muscles, 
ptosis of the eyelids, and wasting and weakness of the 
sternomastoid muscles. There was wasting and weakness 
of the forearms and of the small muscles of the hands. 
The legs were also wasted and weak and there was 
bilateral dropfoot. There was voluntary and percussion 
myotonia of the hands. The deep reflexes were all 
absent and the plantar responses were flexor in type and 


the abdominal reflexes were brisk. No other abnormalit 
was found in the central nervous system. 


Special Investigation——A lumbar puncture showed 
clear fluid and the pressure was 150 mm. of wate 
The Queckenstedt test was normal; the Pandy reactio 
was 1+ and the protein 60 mg. per 10) ml. Th» 
Wassermann reaction was negative. The patient wa; 
treated with vitamin E and discharged home. Two year; 
later diabetes was diagnosed. The patient was again in 
hospital four years after the original admission on accoun 
of uncontrolled diabetes mellitus. At that time his 
physical condition deteriorated. Radiographs of the 
chest revealed localized elevation of the anterior portion 
of the right diaphragm and a radiograph of the skull 
showed generalized thickness of the calvarium, large 
sinuses, and a small pituitary fossa. The fasting blood 
sugar was 333 mg. per 100 ml. and there was a lenticular 
opacity on the right. From that time the patient’s con 
dition deteriorated steadily and he died at the age of 
56 years. There was no necropsy. 

The cases previously reported are summarized in 
Table I together with the present cases. 


Discussion 


We have found few references to involvement of 
the diaphragm in the same pathological process as 
the skeletal muscles in patients with dystrophia 
myotonica. Sekiya (1940) points out that in a case 
of myopathy the diaphragm is involved late. 
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Robinson, Mosberg, and Lowe (1950) made a study 
of diaphragmatic movements in various neurological 
disorders and investigated a group of six patients 
with unspecified muscular disorders where there 
was marked wasting of the shoulder girdle muscles 
but no change in the diaphragmatic movement. 
Benaim and Worster-Drought (1954) were able to 
demonstrate electromyographically myotonia of the 
intercostal muscles, but were unable to take electro- 
myograms from the diaphragm. The severity of 
myotonia was such as to interfere with respiration 
and caused severe anoxia due to hypoventilation. 
Bashour et al. (1955), reporting on a case of dystro- 
phia myotonica, described right-sided elevation of 
the diaphragm, also cyanosis, polycythaemia, greatly 
decreased vital capacity, and increased pressure in 
the pulmonary artery (38 mm.), and presumed that 
decreased movement of the respiratory muscles was 
the cause of the hypoventilation. 

In the initial publication Caughey and Gray (1954) 
reported unilateral elevation of the diaphragm in 
three cases. Subsequently Benaim and Worster- 
Drought (1954) reported a case with both halves of 
the diaphragm affected. The two cases reported here 
are of interest on account of the partial elevation of 
one half of the diaphragm. It appears to be the 
sternal portion of the right diaphragm which is 
involved in both cases. Thus it appears that in 
dystrophia myotonica we may have involvement of 


both halves of the diaphragm, half the diaphragm, 
or a portion only of one half. 

In a previous publication one of us (J.E.C.) was 
unable to observe under the x-ray screen delayed 


relaxation of the diaphragm to command. In the 
first of the two cases reported here, we were able to 
obtain biopsies of the various muscles, including 
the diaphragm. The sternomastoid muscle was 
severely involved in the atrophic process and the 
diaphragmatic muscle showed localized, but definite 
changes such as variation in the size of the muscle 
fibres, increase of connective and fatty tissue, and 
formation of central chains of nuclei. This report 
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presents definite evidence that the diaphragm also 
might be involved in the same dystrophic process as 
other skeletal muscles but probably late in the 
disease process. 

Black and Ravin (1947), in their report on the 
necropsies of five cases of dystrophia myotonica, 
were unable to find definite abnormal changes in the 
diaphragm. In the differential diagnosis, lesions of 
the spinal cord or phrenic nerve could be excluded. 
Eventration is a congenital lesion and always occurs 
on the left side, and in cases of left-sided elevation 
of the diaphragm should be seriously considered, as 
it might be one of the congenital abnormalities 
present in a case of dystrophia myotonica. 

As previously suggested we are of the opinion that 
elevation of the diaphragm should come to be 
accepted as one of the variable features of dystrophia 
myotonica. 


Summary 


Two cases of dystrophia myotonica with right- 
sided elevation of the diaphragm are reported. 

In one case biopsy of the diaphragmatic muscle 
showed definite histological changes of a muscle 
dystrophy. 

Elevation of the diaphragm may be partial, 
unilateral, or bilateral, and should come to be 
accepted as a variable feature of dystrophia 
myotonica. 


We are grateful to Dr. Milne, of the Postgraduate 
Hospital, Hammersmith, who referred Case 1, and to 
Dr. Cunningham, of the North Canterbury Hospital, 
who gave us access to the second case. We are grateful 
for secretarial assistance from Mrs. G. Sim and Mrs. J. 
Pilkington. 
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MYOPATHY IN CUSHING’S SYNDROME 


BY 


RAGNAR MULLER and ERIC KUGELBERG 


From the Department of Neurology, Serafimerlasarettet, and the Department of Endocrinology, Karolinska 
Sjukhuset, Karolinska Institutet, Stockholm, Sweden 


Muscular weakness is a well-known feature of 
Cushing’s syndrome and was mentioned by Cushing 
(1932a and b) in his original description of the 
disease. It has been suggested that the muscular 
weakness and the atrophy sometimes occurring may 
be due to increased breakdown of proteins (Soffer, 
1951) or to decreased protein synthesis (Lukens, 
1954). 

So far as we are aware, no systematic investigation 
of the occurrence and extent of the paresis in 
Cushing’s syndrome has been reported in the 
literature. Neither do morphological alterations in 
the muscle appear to have been studied. Marburg 
(1933) reported a case of Cushing’s syndrome with 
weakness of the pelvic girdle musculature in which 
necropsy revealed histological changes of the 
muscular dystrophy type. He pointed out, however, 
that in this case there was a combination of Cushing’s 
syndrome and progressive muscular dystrophy. 
Accordingly, the pathological process underlying 
the muscular weakness in Cushing’s syndrome is un- 
known. 

We have studied the motor function in six patients 
with typical Cushing’s syndrome clinically and 
electromyographically. Muscle biopsy was done in 
four of them. 

Five of the patients had weakness involving pri- 
marily the proximal muscles of the lower limbs, and 
in them the electromyographic examination revealed 
signs of myopathy. The histological studies dis- 
closed degeneration of muscle fibres. 


Case Reports 
Case 1.—A woman, born in 1916, developed the 
classical features of Cushing’s syndrome in 1950. Since 
1957 she had had weakness of the legs, had difficulty 
in climbing stairs, and was unable to mount a ladder. 
She had also noticed some difficulty in raising her arms 
over the head. She had not received any treatment. 


Neurological Examination (October, 1958).—There 
was moderate weakness of dorsiflexion of the feet and 
toes and considerable weakness of extension at the knees 
and of flexion, extension, and adduction at the hips. 
Trendelenburg’s test was positive bilaterally. She was 


unable to step up on to a chair or to rise from the squatting 
position without the aid of her hands. She was unable 
to walk on her heels. There was slight weakness of 
forward flexion and abduction at the shoulders. There 
was no definite atrophy. The muscle reflexes were normal. 
The plantar responses were flexor. Sensation was 
unimpaired. 

Electromyographic Examination.—Examination of the 
quadriceps and anterior tibial and deltoid muscles 
revealed signs of myopathy, most pronounced in the 
quadriceps. 

Histological Report.—Transverse sections of the right 
quadriceps muscle showed slight infiltration of fat cells 
between the muscle bundles. The connective tissue was 
moderately increased and in one place dense and hyaline. 
The endomysial connective tissue was also slightly 
increased in places. Most of the muscle fibres were 
somewhat thin, but as a rule the polygonal contour was 
retained. At the edge of one muscle bundle was seen a 
group of rounded fibres which were hyalinized and 
somewhat larger than the other fibres. The striation was 
preserved in most areas. Most of the sarcolemmal 
nuclei had retained their shape and hypolemmal position; 
some nuclei were small, dark, and elongated and rela- 
tively increased in number. Occasional lymphocytes 
were present in the interstitial tissue. The blood vessels 
and nerves were normal. 


Case 2.—A man, born in 1939, in whom a typical 
Cushing syndrome developed in 1953. Since 1956 he had 
noticed slight weakness of the legs. Bilateral adrenalec- 
tomy was performed in two stages in August and Septem- 
ber of 1958. The right adrenal showed a moderate 
cortical hypertrophy, the left adrenal was normal. After 
the operation he had received 50 mg. of cortisone daily. 

Neurological Examination (October, 1958).—There was 
slight weakness of extension at the left knee and of all 
movements at the hips. Trendelenburg’s test was nega- 
tive. There was no weakness of the arms. There was no 
evidence of muscular atrophy. The muscle reflexes were 
normai. The plantar responses were flexor. Sensation 
was unimpaired. 

Electromyographic Examination.—Examination of the 
quadriceps and anterior tibial muscles revealed signs of 
myopathy, most pronounced in the quadriceps. 


Case 3.—A woman, born in 1925, developed Cushing's 
syndrome in 1950, rapidly increasing in severity. The 
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disease was accompanied by progressive weakness of the 
legs. She had difficulty in walking and frequently fell 
down. At the end of 1953 a right subtotal adrenalectomy 
was performed and a cortical adenoma the size of a large 
pea was resected. After the operation she had received 
50 mg. of cortisone daily. During the following year the 
physical abnormalities practically disappeared, but an 
extremely severe pigmentation appeared over the entire 
body and on the mucous membranes. Power in the legs 
was Slightly increased. 


Neurological Examination (October, 1958).—There was 
moderate weakness of extension at the knees and of 
flexion and adduction at the hips. She was unable to step 
up onto a chair with the left foot and only with difficulty 
with the right foot without the aid of her hands. She 
could only just rise from the squatting position: Tren- 
delenburg’s test was negative. There was no weakness 
of the arms. There was no evidence of muscular atrophy. 
The muscle reflexes were normal. The plantar responses 
were flexor. Sensation was unimpaired. 


Electromyographic Examination. —Examination of the 
quadriceps, anterior tibial, deltoid, and first dorsal 
interosseous muscles revealed signs of myopathy, most 
pronounced in the quadriceps. 


Histological Report.—Most of the muscle bundles of 
the right quadriceps had normal configuration. They 
were separated by slightly increased amounts of connec- 
tive tissue and fat. A number of degenerated fibres were 
seen lying in groups but also singly among normal muscle 
fibres. Some of them were comparatively large. A few 
fibres were completely hyalinized. The sarcolemmal 


nuclei had for the most part retained their normal shape 
and hypolemmal position; some were small, dark, and 
arranged in longitudinal rows and relatively increased in 
number. There were no inflammatory cells. The blood 
vessels and nerves were normal. 


Case 4.—A woman, born in 1918, since 1954 had pre- 
sented the signs and symptoms of Cushing’s syndrome, 
including weakness of the legs, most pronounced when 
climbing stairs. Earlier her muscles had been strong and 
she had taken part in athletic sports. In May, 1958, a 
basophilic hypophyseal adenoma was extirpated after 
which the Cushing symptoms largely disappeared. After 
the operation she received 25 mg. of cortisone daily. 
The weakness of the legs, however, persisted. 


Neurological Examination (October, 1958).—There 
was moderate weakness of extension at the knees and 
slight weakness of all movements at the hips, particularly 
of flexion, abduction, and adduction. She had great 
difficulty in stepping up onto a chair and rising from the 
squatting position without the aid of her hands. Tren- 
delenburg’s test was negative. There was no weakness 
of the arms. There was no evidence of muscular atrophy. 
The muscle reflexes were normal. The plantar responses 
were flexor. Sensation was unimpaired. 


Electromyographic Examination.—Examination of the 
quadriceps muscles revealed signs of myopathy. 

Histological Report.—In some areas of the right 
quadriceps the muscle fibres were replaced by dense 
hyaline connective tissue and to a lesser degree by fat. 
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In places the endomysial connective tissue was also 
slightly thickened. The diameter of the fibres varied: 
many were normal, others thin or slightly hypertrophic. 
In cross sections the fibres usually appeared rounded. 
In most of the fibres striation was intact. Most of the 
sarcolemmal nuclei had retained their normal shape and 
position: some, especially in the thin fibres, were small, 
dark, and occasionally arranged in longitudinal rows; 
some had migrated centrally. Isolated fibres were 
hyalinized and contained dark, shrunken nuclei which 
sometimes lay in clumps. In places single or rows of 
pyknotic sarcolemmal nuclei lay free in the connective 
tissue or close to thin degenerated fibres. In one area 
there was a suggestion of regeneration. There were no 
inflammatory cells. The blood vessels and nerves were 
normal. 


Case 5.—A woman, born in 1906, developed the 
classical features of Cushing’s syndrome in the late 
thirties and they steadily progressed. In 1945, she received 
a course of x-ray irradiation to the pituitary with tem- 
porary improvement. In 1950, she was given a second 
course of x-ray irradiation and was placed on testosterone 
propionate. During the next two years the symptoms 
regressed but since 1952 her condition had remained 
comparatively stationary with mild, but distinct signs of 
the Cushing syndrome. Since 1948 she had noticed 
weakness of the legs and difficulty in climbing stairs. 
There was also slight loss of power in the arms, manifested 
chiefly by difficulty in lifting heavy objects. 

Neurological Examination (October, 1958).—There was 
slight weakness of dorsiflexion of the feet and toes and 
moderate weakness of extension at the knees and of 
flexion at the hips. She was unable to mount a chair 
or rise from the squatting posture without the aid of her 
hands. Trendelenburg’s test was negative. There was 
slight weakness of forward flexion and abduction at the 
shoulders. There was no muscular atrophy. The right 
quadriceps reflex was weaker than the left. All other 
muscle reflexes were normal and bilaterally equal. The 
plantar responses were flexor. Sensation was unimpaired. 

Electromyographic Examination Examination of the 
quadriceps, anterior tibial, and deltoid muscles revealed 
signs of myopathy, most pronounced in the quadriceps. 

Histological Report.—\n places in the left quadriceps 
the muscle fibres were replaced by fat and, to a lesser 
degree, by connective tissue. Most of the fibres were 
slightly thinner than normal but had retained their 
polygonal shape and striation. A few fibres, however, 
were hyalinized and striation obscured. Many of the 
sarcolemmal nuclei were small, dark, and elongated. 
In the thin fibres the nuclei were relatively increased and 
sometimes arranged in longitudinal rows: a few were 
centrally placed. The interstitial tissue contained a few 
lymphocytes. The blood vessels and nerves were normal. 


Case 6.—A woman, born in 1912, since 1953 had pre- 
sented the clinical features of Cushing’s syndrome. In 
February, 1955, the right suprarenal gland was removed 
and was found to contain a zona reticularis tumour the 
size of a walnut. After the operation all signs and 
symptoms of Cushing’s syndrome disappeared. She had 
never noticed any weakness of the limbs. 
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Neurological Examination (October, 1958).—There was 
no evidence of muscular weakness or wasting. The 
muscle reflexes were normal. The plantar responses were 
flexor. Sensation was normal. 

Electromyograms from the quadriceps muscles were 
normal. 

Results 

Muscular Signs and Symptoms.—Five patients had 
weakness of the muscles of the pelvic girdle and 
thighs. In two of them (Cases 3 and 4) this was one 
of the first symptoms of the disease and in both had 
progressed rapidly. In three patients (Cases 1, 2, and 
5) the muscular weakness began three, seven, and 
10 years, respectively, after the onset of the disease, 
when the other symptoms were severe, and had 
developed slowly, becoming marked in two of them. 
Case 6 had no muscular weakness. 

Case 1 had a slight waddling gait and a positive 
Trendelenburg’s test bilaterally. The remaining 
patients had a normal gait. Four patients (Cases 1, 
3, 4, and 5) were unable to step up onto a chair or 
rise from the squatting position without the aid of 
their hands. 

Two patients (Cases 1 and 5) also had weakness 
of the muscles of the shoulder girdle and of dorsi- 
flexion of the feet. In both, this had developed later 
and was less pronounced than the weakness in the 
lower limbs. The abdominal, neck, or facial muscles 
were not involved. 

None of the patients had muscular pain or 
tenderness. There was no definite atrophy and no 
evidence of pseudohypertrophy. Muscular fascicu- 
lations were not observed. 

One patient (Case 5) had unilateral impairment 
of the quadriceps reflex. The muscle reflexes were 
otherwise normal. The plantar responses were al- 
ways flexor. There were no sensory changes. 

In three patients (Cases 3, 4, and 5) treatment had 
resulted in partial or complete regression of the 
Cushing syndrome. The muscular weakness, how- 
ever, persisted, although in Case 3 there was a slight 
improvement of muscle power. 


Electromyography.—None of the electromyograms 
showed spontaneous fibrillation potentials or positive 
sharp waves. The insertion activity was normal. 
There were no signs of increased muscular irritability 
or denervation. 

During maximal voluntary contraction a large 
number of action potentials were recorded, pro- 
ducing the normal interference pattern. Accordingly, 
there was no gross reduction in the number of 
motor units. 

The appearance of the individual potentials, how- 
ever, was altered in five patients. This abnormality 
consisted of a general reduction in the size and 
duration of the individual potentials and an in- 


RAGNAR MULLER AND ERIC KUGELBERG 


Fic. 1.—Case 1. Eleven consecutive action potentials recorded from 
the right quadriceps muscle. The majority have a duration of 
about 3 m. sec. Two polyphasic potentials are seen at the bottom 
right hand side. Time: | m. sec. 


creased proportion of polyphasic potentials. The 
changes were most marked in Case 1, in which the 
paresis was also most severe. In Case 6 the electro- 
myogram was normal. This patient had no clinical 
signs of paresis. Fig. | shows the appearance of the 
individual action potentials in Case 1. Fig. 2 shows 
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2.—Distribution of the duration of 30 action potentials recorded 
from the quadriceps muscle in Case | (solid line) and 300 action 
potentials recorded from the biceps muscle in healthy individuals 
(broken line). 
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Fic. 5 


Fic. 3.—Case 4. Section of biopsy from quadriceps muscle. Scat- Fic. 4.—Case 4. Section of biopsy from quadriceps muscle. A solitary 
tered large as well as small degenerated fibres. A few sarcolemmal swollen, hyalinized fibre at the edge of a bundle of normal 
nuclei are centrally placed. Heidenhain-Van Gieson. x 200. muscle fibres is separated from adjacent normal muscle bundles 


by an increased amount of fatty tissue. Heidenhain-Van Gieson. 
x 200. 


Fic. 5.—Case 4. Section of biopsy from quadriceps muscle. A group Fic. 6.—Case 1. Section of a biopsy from the quadriceps muscle. 
of extremely thin, partially fragmented muscle fibres with Hyalinized fibres of varied size adjacent to a field of normal 
increased number of sarcolemmal nuclei is seen between two fibres. The connective tissue is increased. No evidence of 
groups of unaffected fibres. Hansen-Van Gieson. % 375, interstitial inflammatory changes. Hansen-Van Gieson. x 135. 
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, 
the duration of action potentials from the quadriceps 
muscle of Case 1 compared with that in normal 
biceps muscles (Petersén and Kugelberg, 1949). 
Limited studies in healthy individuals show that the 
duration of the action potentials in the quadriceps 
muscle lies within the limits of normal values for the 
biceps muscle. 

The anterior tibial muscle in Case 1 also showed 
marked electromyographic changes. Slight electro- 
myographic changes were seen in distal limb 
muscles which exhibited no clinical paresis, as, for 
example, the first dorsal interosseus of the hand in 
Case 3. The most pronounced changes, however, 
were always found in the proximal muscles of the 
legs, which also showed the most severe muscular 
weakness. 


Histological Examination.—The histological pic- 
ture was the same in all the four cases examined and 
showed pathological changes (Figs. 3 to 6). 

The muscle fibres were to a small extent replaced 
by connective tissue and fat. The diameter of the 
fibres varied. The majority of the fibres were some- 
what thin but had otherwise normal structure. 
Hypertrophic fibres were also encountered. All 
specimens contained degenerated fibres lying in 
groups or singly among normal muscle fibres. The 
degenerated fibres usually had a rounded contour 
and were hyalinized and the striation obscured. 
Most of them were of normal thickness or enlarged. 
In Case 4 foci of extremely thin, fragmented fibres 
were seen. Most of the sarcolemmal nuclei had 
retained their shape and hypolemmal position. 
Some were dark, small and elongated, increased in 
number, and sometimes arranged in longitudinal 
rows. Occasional nuclei had migrated centrally. In 
Case 4 clumps of pyknotic sarcolemmal nuclei were 
lying free in the connective tissue. There was no 
convincing evidence of regeneration. Inflammatory 
changes did not occur. The blood vessels and nerves 
were normal. 

In no case were the abnormalities severe. The 
changes were most marked in Case 4, and least in 
Cases | and 5, in which the degree of severity was 
appproximately the same. Case 1, however, had the 
most pronounced paresis and the most distinct 
electromyographic changes, while in Case 4 the 
paresis was less pronounced and the electromyo- 
graphic changes less severe. 


Discussion 
Five of the six patients had paresis involving 
primarily the muscles of the pelvic girdle and thighs. 
Pareses due to neurogenic lesions have been reported 
in endocrine disorders such as acromegaly by, 
among others, Woltman and Kernohan (1955). A 


neurogenic origin of the muscular weakness in 
Cushing’s syndrome is improbable in view of the 
proximal distribution of the pareses, the absence of 
fasciculations, the preservation of muscle reflexes. 
and the intact sensibility. Neither did the electro- 
myographic and histological studies reveal any 
evidence of neurogenic lesions. The cause of the 
muscular weakness in Cushing’s syndrome probably 
must primarily be sought in the muscle itself. This 
may then be a metabolic disorder which decreases 
the power of contraction of the individual muscle 
fibres or a numerical reduction of functioning fibres 
in the motor units. 

The electromyograms showed a decrease in the 
duration of individual action potentials and an 
increased proportion of polyphasic potentials. This 
pattern is characteristic of disorders in which there 
is a reduction in the number of functioning fibres in 
the motor units (Kugelberg, 1947, 1949). Such 
electromyographic changes are, however, not speci- 
fic in the sense that they may be expected to occur in 
any disease in which there is disintegration of the 
motor units, irrespective of whether this is due to 
reversible functional disturbances or to morpho- 
logical muscle changes (Kugelberg, 1949). On the 
other hand, histological examination in our cases 
revealed the presence of varying degrees of degenera- 
tion of the muscle fibres. Consequently, in Cushing's 
syndrome it is a question of a true myopathy. 

The histological changes were less pronounced, 
however, than might be expected from the clinical 
and electromyographic observations. In this respect 
the myopathy in Cushing’s syndrome resembles 
thyrotoxic myopathy in which severe muscular weak- 
ness is not necessarily associated with pronounced 
morphological changes in the muscles (Adams, 
Denny-Brown, and Pearson, 1953; Hed, Kirstein, 
and Lundmark, 1958). One explanation of the dis- 


crepancy may be that the muscular weakness in ° 


Cushing’s syndrome is due in part to electrolyte 
disturbances. This seems less probable, however, 
since in our patients the pareses persisted unchanged 
over long periods. Neither was there any definite 
improvement in muscle power when treatment had 
resulted in partial or complete regression of the other 
symptoms. The discrepancy may, of course, be due 
to the biopsy specimens not being representative of 
the affected muscle. A further possibility is that the 
routine histological techniques used were inadequate 
to visualize insignificant morphological changes in 
fibres put out of function. 

The myopathy in Cushing’s syndrome may be 
related to the increased production of corticoids. 
Muscle changes have been induced in experimental 
animals with cortisone and A.C.T.H. (Germuth, 
Nedzel, Ottinger, and Oyama, 1951). In rabbits 
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daily administration of cortisone at a dosage of 
10 mg. per kg. body weight rapidly produces varying 
amounts of segmental degeneration of muscle fibres 
which is reversible (Ellis, 1956; Glaser and Stark, 
1958). Cortisone-induced myopathy cannot be pre- 
vented by the administration of potassium (Ellis, 
1956). 

In the cases of Cushing’s syndrome studied here 
he clinical manifestations of myopathy showed 
ittle tendency to be reversible. Neither were there 
iny convincing signs of regeneration of muscle 
ibres in the biopsy specimens. The muscle changes 
vere considerably less pronounced than those re- 
ported in experimental cortisone myopathy which, 
nistologically, gives the impression of being an 
acute myopathy. 

Before treatment the patients were, roughly esti- 
mated, producing from 100 to 150 mg. of corticoids 
per day, i.e., about 2 mg. per kg. body weight. This 
amount is small compared with that administered 
experimentally, but while the animal experiments 
lasted only a few weeks, the patients were exposed to 
the effect of increased corticoid production for years. 
The difference between the myopathy in Cushing’s 
syndrome and cortisone-induced myopathy should 
be considered against this background. 

It is known that prolonged cortisone medication 
in large doses may lead to severe muscular weakness 
(Lukens, 1954, among others). It is possible that the 


muscular weakness in these cases is due to myopathy 
of the same type as we observed in Cushing’s 
syndrome. 


Summary 

In six patients with Cushing’s syndrome the muscle 
functions have been studied clinically and electro- 
myographically. Muscle biopsy was done in four of 
them. 

Five patients had weakness of the proximal 
muscles of the lower limbs; two of them had, in 
addition, weakness of the shoulder girdle muscles 
and of the dorsiflexors of the feet. The paresis was 
most pronounced in the proximal muscles of the 
lower limbs. Only in one case was the paresis 
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severe; in the other four it was moderate or slight. 
One patient had no muscular weakness. 

In three of the patients the muscular weakness 
appeared several years after the onset of the disease, 
when the other symptoms had become severe. After 
successful treatment of the Cushing syndrome the 
muscular weakness persisted unchanged for years in 
two cases; in one case there was a slight increase of 
muscular power. 

The electromyographic examination in the five 
patients with paresis revealed signs of myopathy, 
most pronounced in the muscles that were clinically 
weakest. Changes of the myopathic type were also 
observed in distal limb muscles which clinically were 
completely normal. 

The histological changes consisted of slight or 
moderate degeneration of muscle fibres. The 
intensity of the changes was less than might be 
expected from the clinical and electromyographic 
observations. 

It is concluded that the muscular weakness in 
Cushing’s syndrome is due to a true myopathy, 
probably produced by the increased production of 
corticoids.* 


We are indebted to Professor Nils Antoni and Assistant 
Professor Karl Erik Astrém for the histological examina- 
tions. 
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SOME MUSCULAR MANIFESTATIONS OF HYPOTHYROIDISM 
BY 


JOHN WILSON and JOHN N. WALTON 


From the Neurological Unit, Department of Medicine, Royal Victoria Infirmary, Newcastle upon Tyne 


Although it has been recognized for many years 
that symptoms and signs indicating disordered 
function of the voluntary musculature may be 
prominent in patients with myxoedema, the muscular 
manifestations of hypothyroidism have received 
comparatively little attention in the British litera- 
ture. Recent reviews have, however, been given by 
Thomasen (1948), Piaggio Blancho and Malosetti 
(1950), Millikan and Haines (1953), Herbeuval, 
Cuny, and Larcan (1956), Dubansky, Svoboda, and 
Wiedermann (1957), and Perugini and Prati (1957). 

Kocher (1892) reported that patients with sporadic 
cretinism or myxoedema often showed bulky 
musculature, diminished muscular power, and 
sluggish movement with or without “tetany”. 
Hoffmann (1897) later described features suggestive 
of myotonia in a patient who had undergone 
thyroidectomy several times ; he pointed out that 
in this case there was a striking delay in muscular 
relaxation, reminiscent of that which occurs in 
myotonia congenita (Thomsen’s disease). Since 
these early descriptions the syndrome of generalized 
muscular hypertrophy with sluggishness of muscular 
contraction and _ relaxation, which occurs in 
myxoedematous adults, has been referred to as 
‘“‘Hoffmann’s syndrome”. A similar disorder seen 
in cretinous infants is generally called the “‘Debré- 
Semelaigne syndrome’. Probably this disorder 
accounts for many cases of so-called acquired 
myotonia or myotonia acquisita (Talma, 1892). In 
fact, however, the abnormality of muscle function 
which results from hypothyroidism must be dis- 
tinguished from true myotonia, as the overall 
slowness of muscular activity affects muscular 
contraction as well as relaxation and the typical 
electrical after-discharge of myotonia is not seen. 
Hence the term “pseudomyotonia” is a more 
appropriate description for the myxoedematous 
phenomenon. 

Whereas it is not difficult in patients with florid 
myxoedema to appreciate that slowness of move- 
ment and stiffness of the voluntary muscles may be 
attributable to the thyroid disease, particularly when 
there is also marked muscular hypertrophy, we have 


been impressed by the fact that the muscula: 
symptoms may not always follow the accepted forn 
and may be the presenting feature in patients in 
whom hypothyroidism is otherwise clinically un- 
obtrusive. We report below three cases in which 
diagnosis presented considerable difficulty but 
nevertheless the response to treatment was rapid 
and sustained. 


Case Reports 

Case 1.—M.E., an anxious, hypochrondriacal house- 
wife, born in 1919, began in 1953 to complain of intoler- 
ance of heat, profuse sweating, and loss of weight. 
A smooth enlargement of the thyroid gland had been 
present for 10 years. She was found to have warm. 
moist palms, tachycardia of 108/ min., and blood pressure 
of 165/85 mm. Hg. The B.M.R. was + 23%. For the 
next two years the patient was treated in turn with 
neomercazole, Lugol’s iodine, and methyl thiouracil in 
an unsatisfactory attempt to achieve control of the 
thyrotoxic symptoms. A subtotal thyroidectomy was 
eventually performed by Professor A. G. R. Lowdon at 
the end of September, 1955. Immediately after the 
operation there was a mild thyrotoxic crisis, but she made 
sufficiently rapid progress post-operatively for her to be 
discharged home six days after operation. In November, 
1955, the patient complained that her fingers and facial 
muscles had been stiff since her return home, and her face 
slightly swollen. At that time she was thought to be 
euthyroid. In early 1956 she was referred to a psychiatrist 
because of a complaint of bizarre aches and pains affect- 
ing all limbs. No psychological cause for the patient's - 
symptoms was evident but no satisfactory alternative 
explanation was offered. She was seen again by a 
physician who mentioned that although she had gained 
3 stones in weight post-operatively, there were no 
clinical signs of hypothyroidism. As the muscular pain 
and aching persisted the patient was referred to one of 
us (J.N.W.). It was then observed that there was 
generalized muscular hypertrophy which was especially 
marked in the quadriceps and calves. All the voluntary 
muscles were stiff and felt indurated ; movements were 
slowly performed and on percussion of the deltoids and 
quadriceps there was “ dimpling ”’ of the muscle, lasting 
for over two seconds, and similar to that seen in 
myotonia. Although the pulse rate was 90/min., the 
skin felt cold, the patient was lethargic, constipated, an: 
looked mildly myxoedematous. She refused readmissio 
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o hospital for investigation ; in view of a presumptive 
linical diagnosis of Hoffman’s syndrome, she was treated 
vith tri-iodothyronine, 40 ug daily. When next seen one 
veek later she was asymptomatic and composed. All 
he muscular pain and stiffness had disappeared. Within 
few weeks the muscular hypertrophy was much less 
vident. In June, 1958, dried thyroid extract, grains 
daily, was satisfactorily substituted for tri-iodo- 
1yronine ; the patient has remained well since. 


The clinical picture in this case was characteristic 
of Hoffmann’s syndrome and the therapeutic 
‘esponse to tri-iodothyronine, and later to thyroid 
.xtract, was prompt and sustained. 


Case 2.—R.N., a health visitor, was born in 1917. 
in 1944 she underwent a partial thyroidectomy for toxic 
coitre. Almost immediately following this operation 
she began to complain of aches and pains in all her limbs 
after exertion, like an “after-tennis feeling’. These 
symptoms persisted in a degree insufficient to interfere 
with her work. In April, 1957, having swallowed a 
tish-bone, she had an oesophagoscopy under a general 
anaesthetic and the bone was removed. During anaes- 
thesia intravenous succinylcholine was used ; the patient 
recovered normally from the anaesthetic but next day 
all her limbs became completely paralysed and flaccid. 
This severe weakness persisted for 24 hours and then 
slowly remitted over the following week. In May, 1957, 
after several attacks of renal colic she had a nephrectomy 
for hydronephrosis due to an aberrant artery. Succinyl- 
choline was again used, and on this occasion, flaccid 
paralysis of the limbs was present immediately after the 
operation and again persisted for 24 hours. During both 
periods of paralysis there was slight dysphagia and 
dysarthria but no respiratory embarrassment. Serum 
potassium determinations during each attack of paralysis 
were normal and there was no response to prostigmine. 
In December, 1957, the patient was referred to one of 
us (J.N.W.) as a possible case of polymyositis, as by 
now the generalized muscular aching and pains in the 
limbs were more severe. For the first hour after rising 
in the morning she would feel well and symptom-free, 
but then progressively throughout the day she would 
become slower and easily fatigued ; she had particular 
difficulty in climbing stairs. When tired, the ‘‘after-tennis 
feeling’ in the muscles was particularly troublesome. 
Because of an increase in these symptoms, she was by 
this time unable te follow her occupation as a health 
visitor. 

On examination there were no clinical abnormalities ; 
in particular there was no muscular wasting, weakness, 
tenderness, or hypertrophy, and no clinical myotonia 
could be demonstrated, either on relaxation of the grip or 
on percussion of muscles. The tendon reflexes were 
symmetrically brisk and the plantar responses were both 
flexor. The patient appeared to be euthyroid. 


Investigations.—The following were 


carried out :— 


investigations 


Blood.—Haemoglobin 13.9 g./100 ml., W.B.C. 
,500/c. mm. (differential count normal), E.S.R. 5 mm. 
‘1. one hour (Westergren), plasma sodium 138 mEq./ 
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litre, plasma potassium 4-6 mEq./litre, serum calcium 
9-6 mg./100 ml., plasma phosphate 2-4 mg./100 ml., 
total serum proteins 7:2 g./100 ml. (albumin 4-9 g./100 
ml., globulin 2-3 g./100 ml.), serum cholesterol 255 
mg./100 ml., fasting blood sugar 76 mg./ml. 

Using the tanned red cell technique (Owen and Smart, 
1958), Dr. S. G. Owen demonstrated circulating anti- 
bodies to thyroglobulin in the venous blood to a dilution 
of 1 in 675. 


Urine.—No albumin or reducing substances were 
detected and no abnormal deposit was found on 
microscopy. 

The creatinine level was 1:57 g. in 24 hours and the 
creatine 0-03 g. in 24 hours. 

The basal metabolic rate was + 2° and an 1**! uptake 
test was well within normal limits. An electrocardio- 
gram was normal and a muscle biopsy taken from the 
left deltoid yielded a specimen in which no significant 
histological change could be detected. After the ad- 
ministration of insulin and glucose the serum potassium 
fell to 3 mEq./litre but no muscular weakness could be 
demonstrated. 


Electromyography.—Electromyograms were recorded, 
using concentric needle electrodes, from the left deltoid, 
the left biceps brachii, and the right quadriceps. No 
spontaneous activity was recorded ; in particular, there 
was no fibrillation and no myotonic discharges were 
obtained on moving the electrode. Volitional activity 
was also normal; no excess of polyphasic or short- 
duration potentials was recorded. 


Treatment.—The patient was treated initially with 
lactose control tablets but her symptoms remained un- 
changed. The administration of tri-iodothyronine in a 
daily dosage of 40 ng. was followed by prompt remission 
of symptoms and a feeling of well-being. During 
succeeding weeks, all muscular pain and weakness 
vanished, the patient became energetic and symptom- 
free, and was able to return to her previous occupation. 
After six months’ treatment with tri-iodothyronine, dried 
thyroid extract, 3 grains daily, was begun, and two 
weeks later, tri-iodothyronine was withdrawn. In 
another two weeks the muscular pain and aching had 
returned. Owing to increasingly severe symptoms, 
tri-iodothyronine was again given, with prompt and 
sustained remission and the patient has remained well 
for one year, taking 40 yg. of this drug daily. 


In this case there was no clinical evidence of 
hypothyroidism, apart from the muscular symptoms, 
and all investigations of thyroid function were 
normal, save for the discovery of antibodies to 
thyroglobulin, a finding suggesting a previous 
thyroiditis (Hashimoto disease). The relapse on 
treatment with thyroid extract suggests either that 
the particular batch of tablets was inactive or that 
there was a defect in the breakdown of thyroxin to 
tri-iodothyronine. The episodes of paralysis follow- 
ing succinylcholine suggest an unusual sensitivity 
of the muscle fibre membrane to this drug ; but 
the relationship to hypothyroidism and the reason 
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for delay in the development of the first episode of 
weakness are not apparent. 


Case 3.—E. T., a housewife, was born in 1917. In 
1950, after two years of breathlessness, palpitations, 
sweating, tremor, and loss of weight, she underwent a 
partial thyroidectomy ; a small nodular goitre was 
discovered. Her symptoms persisted and in 1954 a 
further partial thyroidectomy was performed. Once 
more her symptoms were unchanged and yet another 
operation to remove remaining thyroid tissue was carried 
out in 1955. 

Three months after this operation the patient began 
to experience several attacks each day in which she 
experienced painful cramps affecting mainly the left 
forearm and hand, each lasting one or two minutes. 
These attacks could be provoked by exercise and were 
often accompanied by superficial tingling. The right 
hand was similarly though mildly affected. About one 
month later similar cramps developed in both legs. 
Since the cramps resembled the carpopedal spasms of 
tetany, repeated serum calcium and phosphateestimations 
were performed, but all were normal. The patient was 
then referred to one of us (J. N. W.). She mentioned 
that her appetite was poor, she was losing weight, and 
was very constipated. Since her last operation she had 
felt cold, her skin was dry, and her hair falling out. Her 
muscles had also felt stiff and painful and all movement 
was slower than it had been previously. 

On examination the patient was thin and nervous ; 
despite her complaints of feeling cold her palms were 
warm and moist, but the pulse rate was 72/min., the 
blood pressure 115/80 mm. Hg. There was no residual 
palpable thyroid swelling. Some brown pigmentation 
was present around the neck, on the forearms and iliac 
crests. In the limbs, although all the muscles were thin, 
there was no localized muscular atrophy, tenderness, or 
weakness. There was, however, marked delay in relaxa- 
tion of the grip, resembling myotonia, and persistent 
dimpling of the muscle was present after percussion. 
The consistency of the muscles appeared to be increased 
and there was an increased resistance to passive stretching 
throughout, but no hypertrophy was evident. All the 
tendon reflexes were brisk, without any evidence of delay 
in muscular contraction or relaxation ; the abdominal 
reflexes were present and the plantar responses flexor. 
On application of a tourniquet to the left upper limb, a 
spasm of the left hand, very reminiscent of tetany, was 
produced. Chvostek’s sign was negative. It was felt that 
although many of the patient’s symptoms were those of 
a chronic anxiety state, there was definite evidence of 
hypothyroidism which was probably the explanation of 
the symptoms referrable to the voluntary muscles. 


Investigations.—The following 
carried out :— 


Blood.—_Haemoglobin 11:6 g./100 ml., white cell 
count 9,800/c. mm. (differential count normal), E.S.R. 
1 mm. in one hour (Westergren), plasma sodium 138 
mEq./litre, plasma potassium 4-1 mEq./litre, serum 
calcium 9:2 mg./100 ml., plasma phosphate 2:5 mg.P. 
/100 ml., total serum proteins 5-8 g./100 ml. 


investigations were 
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Urine—No albumin or reducing substance v js 
detected. 

In two specimens urinary 17-ketosteroids wre 
1-2 mg. and 1-5 mg./24 hours respectively. The B.M X. 
was —4%. 

The uptake of 1'*' was in the hypothyroid rang. ; 
48% of initial dose at 1-5 hours; 5-3% at 4 hour; ; 
12.4% at 26 hours, and 10:8% at 49-5 hours. 

Thorn’s test over 48 hours showed normal depression 
of the blood eosinophil count. 

Electromyography.—Electromyograms recorded from 
the left deltoid, the left forearm, and the left quadriceps 
with concentric needle electrodes were entirely normal. 
No myotonic discharges were recorded. 

Treatment.—Procaine amide, in a dosage of 750 mg. 
four times daily, was given initially with a considerable 
reduction in muscular stiffness and improved relaxation, 
but the painful cramps persisted. Thereafter tri- 
iodothyronine, 20 ug. twice daily, was given. Within a 
few days, all muscular pain and stiffness had disappeared 
and the carpopedal spasms were greatly reduced in 
frequency and severity. After a few weeks of treatment 
these symptoms were no longer prominent and the 
patient returned to normal activity. Anxiety symptoms 
such as palpitations, malaise, and excessive sweating 
persisted intermittently and presented considerable 
difficulties in subsequent management. On two occasions 
over the next three years tri-iodothyronine therapy was 
discontinued but on each occasion muscular pain and 
stiffness and painful cramps recurred. The clinical 
picture is now dominated by anxious hypochondriasis, 
but muscular symptoms are no longer prominent. 
Further investigation has revealed no evidence of 
hypopituitarism or of Addison’s disease. 

In this case, the coexistence of a severe chronic 
anxiety state led to considerable difficulties in both 
diagnosis and management. Muscular pseudo- 
hypertrophy was not present and the carpopedal 
spasms favoured a diagnosis of hypoparathyroidism, 
although no abnormality of calcium and phosphorus 
metabolism could be demonstrated. The muscular 
pain and stiffness was, however, suggestive of 
hypothyroid myopathy and the 1!*! uptake test was 
diagnostic of hypothyroidism. The muscular 
symptoms resolved after treatment with  tri- 
iodothyronine. 

Discussion 

These three cases have in common the following 
features :-— 

(a) In each, symptoms followed thyroidectomy. 

(b) The symptoms and signs of muscular 
dysfunction and those of hypothyroidism remitted, 
usually completely, on treatment with tri-iodo- 
thyronine. For this reason and because the clinical 
features in each case resemble some of those 
previously described in hypothyroidism, it appe«rs 
that the muscular symptoms could be attributed to 
a deficiency of thyroid hormone. The muscu! ir 
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¢ sorders which have been described in association 
vith hypothyroidism are, according to Thomasen 
( 948) and Perugini and Prati (1957) :— 

(1) A myotonoid syndrome (pseudomyotonia, 
n yotonia acquisita). 

(2) Muscular hypertrophy in adults, with firm, 
o ten painful muscles ; power and tone are variable, 
aid both contraction and relaxation are usually 
sl iggish. 

(3) Muscle hypertrophy with reduced or in- 
creased power in infants suffering from sporadic 
cietinism, giving the appearance of “the infant 
Hercules”, the Debré-Semelaigne syndrome (Debré 
and Semelaigne, 1935). 

(4) Muscle cramps, which sometimes resemble 
classical tetany. 

(5) Rare atrophic forms (Canali, 1941 ; Nick, 
1943 ; Rimbaud and Passouant, 1947; Piaggio 
Biancho and Malosetti, 1950). 

These phenomena may occur singly or in any 
combination, and may be of varying severity. They 
have been described in patients after total 
(Hoffmann, 1897) and partial thyroidectomy 
(Crispell and Parson, 1955; Hofman-Credner, 
1956), after 1!! in ablation doses (Gilbert-Dreyfus, 
Zara, and Gali, 1954), after radiotherapy (Lenégre 
and Huguenin, 1941), after “lipiodol” (Sigmir, 


quoted by Herbeuval ef al., 1956), in so-called 
“spontaneous” myxoedema (Thomasen, 1948), in 


hypothyroidism secondary to hypopituitarism 
(Dubansky et al., 1957), and in sporadic cretinism 
(Debré and Semelaigne, 1935). 

The mechanism of these muscular symptoms is 
unknown, and we have no satisfactory explanation 
for their patho-physiology ; in particular it cannot 
be explained why only a proportion of patients with 
myxoedema are so affected. To describe the changes 
as ““myxoedema of the muscles” does not contribute 
anything to our understanding of the condition, 
and definitive metabolic studies of muscular function 
in such cases are lacking. 

Pseudomyotonia at first sight resembles true 
myotonia in that there is delayed relaxation of the 
grip, worse in cold weather ; the pkenomenon is, 
however, quite different. It is apparent that in these 
cases muscular contraction as well as relaxation is 
slowed, and the characteristic after-discharge of 
myotonia is absent electromyographically, as are 
the typical bizarre insertion discharges associated 
with the latter phenomenon. Direct percussion of 
affected muscle does, however, produce a local 
dimpling as in true myotonia. The response to 
quinine in pseudomyotonia is said to be poor, 
though Crispell and Parson (1955) claim a good 
response in one patient ; it is of interest that in our 
C ise 3, there appeared to be a definite improvement 


323 


with procaine amide, a remedy which relieves 
myotonia (Geschwind and Simpson, 1955 ; Leyburn 
and Walton, 1959). 

Muscular hypertrophy may be generalized or 
localized, predominantly affecting the calves and 
thighs, although the facial muscles can also be 
markedly involved. Muscle power is usually 
decreased, despite the hypertrophy, and the move- 
ments are usually sluggish, sharing in the general 
torpor of the myxoedematous patient. Increase of 
power has, however, been described, especially in 
the Debré-Semelaigne syndrome. The so-called 
Woltman tendon reflex in such cases, which depends 
upon the demonstration of an unusual slowness of 
muscular contraction and' relaxation when the knee 
jerk is being elicited, may be of considerable 
diagnostic value (Chaney, 1924 ; Lambert, Under- 
dahl, Beckett, and Mederos, 1951). 

Muscular pain and cramps are usually seen in 
those patients with enlarged, brawny muscles but 
can occur in others, even when there is no other 
clinical evidence of hypothyroidism. Muscular pain 
on exertion, as in cases of so-called myotonia 
paradoxa, and resembling also in some respects the 
symptoms of McArdle’s myopathy due to a defect 
in muscle glycogen breakdown (McArdle, 1951), 
may be the outstanding clinical feature, as in our 
Case 2. Symptoms suggesting classical tetany may 
also be seen, as in Case 3. 

The atrophic form may resemble the more familiar 
muscular dystrophies (Piaggio Blancho and 
Malasetti, 1950) but several of the reported cases 
are not well attested and there may have been 
alternative explanations for the muscular atrophy 
(Rimbaud and Passouant, 1947 ; Dubansky ef ai., 
1957). 

These variable clinical phenomena may give rise 
to considerable difficulty in diagnosis, especially if 
the usual clinical features of myxoedema are un- 
obtrusive ; it is only too easy for symptoms of this 
nature, for which no ready explanation is forthcom- 
ing, to be dismissed as being psychogenically 
determined. In our Cases | and 3 the symptoms 
were at different times attributed by several 
observers to hysteria or anxiety while in Case 2 a 
diagnosis of endogenous depression was at one time 
entertained. It is important to emphasize that there 
is no parallel between the degree of hypothyroidism 
and the severity of the muscular symptoms and 
signs, nor do the latter present a consistent clinical 
picture. Diagnosis may depend on a “high index 
of suspicion”. A low basal metabolic rate, high 
serum cholesterol level, reduced 1'*! uptake, and 
low protein-bound iodine may afford confirmation 
of the diagnosis but the results of these tests may be 
only slightly abnormal (myxoedema frustes of 





324 


French writers) ; indeed they may even be normal 
as in our Case 2, in which the diagnosis finally 
depended upon the finding of a raised titre of anti- 
bodies to thyroglobulin in the patient’s serum, as 
well as upon the therapeutic test. 

Unlike the usual findings in myotonia congenita 
and paramyotonia, in which the electrical phenomena 
may represent a recurring excitation of muscle 
fibres, the electromyogram in myxoedematous 
pseudomyotonia is usually normal. Pseudo- 
myotonia therefore, is probably due to a delay in 
relaxation of individual muscle fibres after a single 
excitation, and may represent an abnormally slow 
release of energy from the energy-rich bonds within 
the muscle cell, as a part of a general reduction in 
metabolic rate. Electrical stimulation of myxoe- 
dematous muscles may provoke a _ myotonoid 
reaction but strength-duration curves from these 
muscles are usually normal or show only a slightly 
increased chronaxie (Bourguignon, 1939 ; Picard, 
Horeau, Kerneis, Lhermitte, and Lescaudron, 
1955 ; Svoboda, Dubansky, and Myslivy, 1956). 
Muscle specimens removed by biopsy, even from 


hypertrophied muscle, are usually normal, as in our . 


Case 2. Picard et al. (1955) found “hypertrophy” 
of sarcoplasm, accentuation of both longitudinal 
and transverse striation, coexistence of both 
hypertrophic and atrophic fibres, and increased 
numbers of sarcolemmal nuclei in material from 


their cases, but these descriptions are not entirely 


convincing. Inflammatory changes, fatty infiltra- 
tion, and fibrosis have not been described. 
Thomasen (1948) believed that the muscle hyper- 
trophy was not due to genuine hyperplasia or 
hypertrophy of the fibres, but to oedema. Hesser 
(1940) has put forward the interesting, but as yet 
unconfirmed, view that the hoarseness which is so 
striking a feature of myxoedema is due in part to 
hypertrophy of the laryngeal muscles and that the 
deafness which occasionally occurs depends upon 
enlargement of the intrinsic musculature of the ear. 

In the last resort, diagnosis depends on the com- 
plete remission of symptoms with thyroid extract 
or more dramatically with tri-iodothyronine. It 
is difficult to explain why symptoms in Case 2 
should have responded to tri-iodothyronine and 
not to thyroid extract. Either the batch of thyroid 
extract utilized was inactive (which seems unlikely) 
or else in this case there was some derangement of 
the metabolic mechanism whereby absorbed thyroxin 
is converted into tri-iodothyronine within the body. 

The exact incidence of muscular complications of 
hypothyroidism has never been estimated, and 
although the three patients in the present report 
were female, there does not appear to be a genuine 
sex difference. We suspect that these muscular 
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manifestations are more frequent than is gener: 
realized, minor degrees being overlooked in fic 
myxoedema, or wrongly ascribed to other cat 
such as intermittent claudication (Ericsson ; 
Lindquist, 1945). Myxoedematous myopa 
should certainly be considered as a possibility in 
patients who complain of generalized muscu 
pain, aching or stiffness, particularly if this devel: 
after exertion. 


Summary 

Three cases are described in which symptois 
indicating disordered function of the voluntary 
musculature were prominent ; these symptonis, 
which included muscular pain and stiffness, «c- 
centuated by exertion, and in one case painful 
cramps resembling tetany, were shown to be due to 
hypothyroidism, and responded to treatment with 
tri-iodothyronine. In each case, the other symptoms 
of hypothyroidism were relatively unobtrusive. 

The clinical features of myxoedematous pseudo- 
myotonia, and its differentiation from true myotonia, 
are discussed. The view is expressed that this con- 
dition is more common than is generally realized, 
and should be borne in mind as a possible diagnosis 
in all patients complaining of generalized muscular 
pain and stiffness. 


We wish to thank Professor A. G. R. Lowdon, 
Dr. A. Zinovieff, and Mr. J. K. McCollum for referring 
the patients who are the subject of this report ; we are 
also indebted to Dr. K. Schapira and Mr. A. Hope for 
help in the translation of German and Italian papers. 
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HISTOCHEMICAL DISTRIBUTION OF PHOSPHORYLASE 
[IN THE BRAIN OF THE GUINEA-PIG 


BY 


REINHARD L. FRIEDE 
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The histochemical distribution of phosphorylase 
activity in brain tissue of rodents was described by 
Shimizu and Okada (1957) using fresh, frozen tissue 
sections. The present article describes the distri- 
bution of phosphorylase activity in the brain of the 
guinea-pig as revealed by using tissue slices trimmed 
by hand instead of sections for incubation (Friede, 
1956). This technique provides an improved localiza- 
tion of phosphorylase activity. The preparation 
of tissue for incubation seems to be a critical phase 
of the reaction since changes in the enzyme activity 
result from tissue damage (Friede, 1959a). 

The distribution of phosphorylase in brain tissue 
as defined by this technique will be compared 
briefly with an available large sampling of the dis- 
tribution of succinic dehydrogenase in brain tissue. 
An inverse relationship between the two enzymes 
would be conceivable, considering the former one 
as a link of the anaerobic glycolytic breakdown and 
the latter as an indication of the presence of an 
oxidative Krebs cycle. 


Material and Methods 


Phosphorylase activity was demonstrated in 0-5 to 
| mm. thick hand-cut tissue specimens prepared from the 
brain as quickly as possible after killing the animal. 
Extreme care was used to prevent any mechanical damage 
to the tissue. The specimens were incubated for three 
hours at 36° to 38° C. in the following medium: 

Glucose-]-phosphate 
Glycogen... oe 
Adenosinetriphosphate 
Mono iodacetate 


During the incubation, glycogen was synthesized from 
Cori ester; the added glycogen served as a starter of the 
reaction, but its concentration was too low to appear 
histochemically in the sections. No pre-existing glycogen 
could be found in brain tissue under these conditions. 
Mono iodacetate essentially improved the reaction by 
blocking the glycolytic breakdown of the Cori ester. 
Adenosinetriphosphate (or adenylic acid) activates 
phosphorylase (Takeuchi and Kuriaki, 1955). The solu- 
tion adjusted itself to a pH of 7-0, and the addition of 
buffer to obtain the optimal pH or of inorganic ions did 


not essentially influence the results. Glucose and phlor- 
hizin inhibited the reaction. No glycogen was synthesized 
by substituting the Cori ester with glucose-6-phosphate, 
glucose, fructose-6-phosphate, or fructose-1,6-diphos- 
phate. 

After the reaction was completed the specimens were 
fixed in Carnoy’s fluid and embedded in paraffin. Gly- 
cogen was demonstrated by the periodic-acid-Schiff 
reaction; it was identified by diastase controls. 

Some 130 incubations were used for the present 
investigation, each containing at least three specimens 
from various regions of the brain. In addition, one 
guinea-pig brain was studied completely by serial sections, 
12 thick. Alternate sections were stained with periodic- 
acid-Schiff, Einarson’s chromalum gallocyanin, and a 
combination of both stains. 


Results 


White Matter.—White matter generally exceeded 
grey matter in phosphorylase activity. The axons in 
the white matter were demonstrated and found to 
give an intense phosphorylase reaction. A granular 
reaction between the axons was also found. Most 
of these granules seemed to result from varying 
intensity of the reaction in the axons or from trans- 
versally cut axons. Phosphorylase activity was rarely 
localized in glial cells although it should be easy to 
recognize it at this site. The phosphorylase activity 
of white matter, therefore, seemed predominantly 
localized in the axons. 

The phosphorylase activity of large fibre systems 
was more marked than that of the surrounding 
tissue; for example, the pyramidal tracts, the des- 
cending trigeminal root, the lateral tracts of the 
medulla oblongata, and the entire cerebral and 
cerebellar white matter showed strong activity. The 
medial longitudinal fascicle exhibited phosphorylase 
activity in its large axons. By contrast, the tractus 
solitarius always stood out by the negative reaction 
of its surrounding nucleus. The roots of the cranial 
nerves and the optic fascicle exhibited strong phos- 
phorylase activity in their large axons. A very 
strong reaction was found in the retroflex tract of 
Meynert. 
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Gray Matter.—The inconsistency of the phos- 
phorylase reaction in neurones was studied in a 
previous article (Friede, 1959a). Strong phosphory- 
lase activity was found in the chromophilic, shrunken 
neurons; however, no activity was found in the 
swollen, chromatin-depleted neurons. Since these 
neuronal changes evidently were post-mortem 
changes, the significance of a positive reaction is 
open to discussion. 

In the present material, neurons with strong 
phosphorylase reaction were found irregularly and 
scattered in almost any nucleus; they were frequently 
found in damaged tissue portions near the surface 
of the specimen. 

The neuropil of the brain’s nuclei, as a rule, 
lacked phosphorylase activity, especially if mechani- 
cal damage was minimized during preparation. This 
negative reaction of the neuropil did not result from 
inadequate diffusion of the incubation medium into 
the specimen, since transfixing axons were sharply 
outlined by a contrasting strong reaction. A delicate 
network, demonstrated by phosphorylase activity, 
was occasionally found in the neuropil. It could not 
be established whether this reticulum was formed by 
finer axon or dendrite branchings or by glial pro- 
cesses, but the latter seemed less probable. Phos- 
phorylase activity in glial cells may occasionally be 
found in gray matter, but did not constitute a typical 
feature. Gray matter exposed to mechanical 


damage, such as at the cutting surface, showed very 
strong phosphorylase activity by abundant glycogen 


deposition. Other nuclei immediately beneath the 
specimen’s surface showed no reaction if not 
injured by the cutting. The diffusion conditions in 
such nuclei, however, were similar to those at the 
cutting surface, as proven by the heavy reaction in 
transfixing axons. 

The above description fits most of the nuclei of 
the medulla oblongata, pons, mesencephalon, and 
diencephalon. Weak phosphorylase activity was 
particularly found in the dorsal vagal nucleus, the 
nucleus of the tractus solitarius, the locus caeruleus, 
and the pars compacta of the substantia nigra. 
These nuclei are mentioned because of their com- 
parative histochemical interest as discussed later. 

Some superficial nuclei, such as the nucleus pre- 
positus hypoglossi, the medial vestibular nucleus, 
the cochlear nucleus, and the mammillary body, 
frequently, but not consistently, exhibited strong 
phosphorylase activity in their neuropil. Both 
exposure to mechanical damage during preparation 
and optimal diffusion conditions may contribute to 
this reaction. 

Phosphorylase activity was consistently found in 
the molecular layer of the cerebellar cortex, the 
superficial layers of the acoustic tubercle, and the 
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anterior quadrigeminal body, the upper layers of t 
cerebral cortex, and the caudate nucleus. The cer - 
bellar cortex exhibited phosphorylase activity in t 
neuropil and in the large Purkinje dendrites of 
molecular layer, but the reaction in the dendrit 5 
disappeared where they entered the cell body. This 
most of the cell bodies reacted negatively, but sone 
of them showed strong phosphorylase activity. We: 
activity was found in the cerebellar granular layer. 
The interpeduncular ganglion and the habenula 
showed in their neuropil the strongest reaction of «|| 
the brain’s nuclei. 

It is not clear whether this consistent phosphory- 
lase reaction in some nuclei reflects activity in vivo 
or if these regions are extremely sensitive to damage 
and should show no phosphorylase reaction as other 
nuclei do if completely undamaged. 

The periventricular gray matter of the aqueduct 
and the tuber cinereum frequently exhibited phos- 
phorylase activity in astrocytes besides a diffuse 
granular reaction of the neuropil. No other region 
of the brain regularly showed phosphorylase 
activity in glial cells, though it was found at times. 


Ventricular Walls and Leptomeninges.—A_ very 
strong phosphorylase activity was found in the 
subependymal glial tissue. Contrasting with this 
strong subependymal reaction, the ependymal cells 
lacked phosphorylase activity although in direct 
contact with the incubation fluid. Some glycogen 
droplets, however, were frequently found in the 
ventricular lumen, attached to the surface of the 
ependymal cells. Since synthesis of glycogen in this 
location did not seem likely, this finding may suggest 
a supravital transportation or secretion. The 
epithelium of the subcommissural organ, which is a 
specific ependymal formation in the aqueduct, com- 
pletely lacked phosphorylase activity, but the glial 
tissue of the raphe immediately caudal to it exhibited 
an excessive reaction. The area postrema exhibited 
strong or mild activity.. Somewhat variable strong 
to mild activity was also found in the leptomeninges. 


Comparison of Distribution of Phosphorylase and 
Succinic Dehydrogenase.—Dempsey and Wislocki 
(1944) and Bradfield (1951) suggested that glycogen 
deposition in tissue was correlated with a high 
anaerobic metabolism. An inverse relationship 
between the distribution of glycogen deposition and 
the distribution of succinic dehydrogenase and 
cytochrome oxidase in the periventricular structures 
of the brain was observed by Shimizu, Morikawa, 
and Ishi (1957). The above findings, therefore, were 
compared with an available large sampling of the 
distribution of succinic dehydrogenase in brain 
tissue of the guinea-pig (Friede, 1959b). Succinic 
dehydrogenase was demonstrated in this material in 
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Fic. 1.—Distribution of phosphorylase activity in 


the medulla oblongata. The lateral vestibular 
nucleus, the nucleus of the descending trigeminal 
tract, and the facial nucleus stand out as light 
areas. Periodic-acid-Schiff x 16. 


3.—Descending trigeminal root (middle). Fibre 
bundles and transfixing axons clearly stand out 
on the negative reaction of the nucleus of the 
descending trigeminal root (right). The peri- 
pheral fibres (left) show a weaker reaction than 
the descending trigeminal tract. Periodic-acid- 
Schiff x 80. 


Fic. 2.—Lower medula oblongata, showing a negative 


reaction in the nuclei of the dorsal fasciculi and 
the spinal trigeminal tract and a very faint 
reaction in the hypoglossal nucleus. The space 
of the facial nucleus (Fig. 1) is occupied by 
heavily reacting fibre tracts. Periodic-acid- 
Schiff x 16. 


4.—Genu of the facial nerve showing both 
transversally and longitudinally cut fibres ex- 
hibiting strong phosphorylase activity. Periodic- 
acid-Schiff x 80. 
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Fic. 5.—Oral portion of the aqueduct. 


The subcommissural organ and the ependyma show no reaction; 


a strong reaction is found in the subependymal glial tissue, and mild, diffuse reaction in the central 


gray matter. Periodic-acid-Schiff x 80. 


Fic. 6.—Lateral part of the tuber cinereum showing phosphorylase activity in glial cells. A faint ccunter- 


staining by chromalum gallocyanin shows neurons without reaction. 


frozen sections of fresh tissue, 60 thick, prepared 
by the author’s technique (Friede, 1958b). (This 
article may be consulted for further details.) Both 
“tetrazolpurpur”, Bayer (4,4-bis 3,5-diphenyl-2- 
tetrazoliumbiphenyl) chloride (Neumann and Koch, 
1953) and “nitro BT’ (Nachlas, Tsou, De Souza, 
Cheng, and Seligman, 1957) were employed. 

Strong phosphorylase activity and weak or no 
succinic dehydrogenase activity coincided in the 
white matter, the subependymal glial tissue, and the 
glial tissue of the raphe. 

Weak phosphorylase activity and strong succinic 
dehydrogenase activity coincided in the ependymal 
cells and in neurons and neuropil of many of the 
brain’s nuclei. Many other nuclei, however, showed 
mild or strong phosphorylase activity instead of 
their strong succinic dehydrogenase activity. In 
such nuclei an inverse relationship of the enzymes 
may nevertheless be present, since a loss of succinic 
dehydrogenase has been observed during the incu- 
bation for phosphorylase in portions of the specimens 
which were exposed to mechanical damage and 
exhibited strong phosphorylase reaction (Friede, 
1959a). 

An inverse relationship was not evident in glial 
tissue. Glial cells seem to contain none or weak 
succinic dehydrogenase activity. A consistent phos- 


Periodic-acid-Schiff x 320. 


phorylase reaction, however, was found only in the 
glia of the periventricular gray matter and in the 
subependymal glia. 

No inverse relationship was found in the sub- 
commissural organ which lacked both phosphorylase 
and succinic dehydrogenase activity. Moreover, the 
nucleus of the tractus solitarius, the dorsal vagal 
nucleus, the locus caeruleus, and the pars compacta 
of the substantia nigra exhibit rather weak phos- 
phorylase activity and none or weak succinic 
dehydrogenase activity (Shimizu and Morikawa, 
1957). . 

An inverse relationship of the enzymes is lacking 
also in the developing rat’s brain, which biochemic- 
ally (Potter, Schneider, and Liebl, 1945) and 
histochemically (Friede, 1959b) exhibits weak suc- 
cinic dehydrogenase activity but also shows bio- 
chemically (Shapiro and Wertheimer, 1943) and 
histochemically (Shimizu and Okada, 1957; Friede, 
1958a) weak phosphorylase activity. 


Discussion 
Phosphorylase activity in white matter has been 
demonstrated histochemically in both fresh frozen 
tissue sections (Shimizu: and Okada, 1957) and in 
hand-cut tissue specimens. In the latter, the locali- 
zation of the enzyme activity was more detaile1 
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tan the diffuse reaction in sections; the gross dis- 
t ibution, though, was similar. The evaluation of 
t.e findings in gray matter, however, is most 
d fficult. The reaction in tissue sections was reported 
ai being highly labile (Shimizu and Okada, 1957). 
] . tissue specimens, a strong reaction in gray matter 
s-emed to depend on tissue damage during the pre- 
piration. Weak or no phosphorylase activity was 
found in most nuclei especially if any tissue damage 
vas avoided, including cutting of sections. The weak 
or negative reaction of gray matter was not simulated 
by inadequate diffusion conditions within the tissue 
specimen since transfixing axons in the gray matter 
showed typical strong phosphorylase reaction. It 
does not seem likely that the reaction is weakened 
in gray matter by a competitive consumption of the 
glucose phosphate, since the glycolysis was blocked 
by iodoacetate, and since the reaction of the trans- 
fixing axons would be weakened as well. 

A strong phosphorylase activity in neurons was 
found to be accompanied with artificial cell shrinkage 
(Friede, 1959a). The physiological phosphorylase 
activity of gray matter, therefore, seems rather low, 
but relatively slight tissue damage seems to activate 
the enzyme which may be present in an inactive 
stage. In the first 30 seconds of anoxia, as an 
example, glycolysis was reported increased to 10 
times the aerobic glucose utilization (Opitz and 
Schneider, 1950). 


It is not clear whether some regions of gray 
matter which consistently show phosphorylase 
activity (as the upper portions of the cerebral cortex 
or the molecular layer of the cerebellar cortex) are 
extremely sensitive to a preparative damage or 


physiologically if they exhibit enzyme activity. The 
very strong phosphorylase activity found in the 
habenula and the interpeduncular nucleus may bear 
a relationship to the outstanding activity of alkaline 
phosphatase in these nuclei (Shimizu, 1950). 

The activation of phosphorylase by tissue damage 
may explain the much higher activity rates found in 
gray matter by biochemical techniques involving 
tissue destruction: in the cerebellum, phosphorylase 
activity of 2:79 units in the molecular layer, 2°76 
units in the granular layer, and 1-62 units in the 
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subjacent white matter was found (Robins, Smith, 
and Jen, 1957). These results are in contrast to the 
weak phosphorylase activity found in the granular 
layer by histochemical techniques. Sensitivity to 
tissue damage probably also explains why it is 
possible to obtain a cytochemical demonstration of 
an enzyme which has a very poor structural binding 
if investigated by biochemical techniques. 

An inverse relationship of phosphorylase activity 
and succinic dehydrogenase activity is generally 
found, though exceptions are not rare. This inverse 
relationship may be considered indicative for dif- 
ferent aerobic or anaerobic metabolic rates. 


Summary 


The histochemical distribution of phosphorylase 
activity in the brain of the guinea-pig is described 
with a technique providing an improved localization 
of the enzyme activity. Strong phosphorylase 
activity was found in axons in both white and gray 
matter. Rather weak activity was noted in the 
neuropil and neurons of gray matter. Even ex- 
tremely slight tissue damage was found to alter the 
reaction. The histochemical distribution of phos- 
phorylase activity and succinic dehydrogenase ac- 
tivity generally was inverse but a few exceptions 
were noted in particular regions. 
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CONGENITAL INTRAORBITAL ARTERIOVENOUS ANEURYSM 
BY 
RAMON JACAS, ADOLFO LEY, and DOMINGO CAMPILLO 


From the Neurosurgical Department of the Seguro Obligatorio de Enfermedad, Barcelona, Spain 


Aneurysms or malformations of the intraorbital 
vessels are lesions which in spite of the large number 
of cases cited,in the medical literature have rarely 
been verified, the larger part being merely clinical 
descriptions. ~ 

In 1823, Guthrie described the first case of intra- 
orbital aneurysm proved.by post-mortem examina- 
tion. Pulsating exophthalmos was the most striking 
feature of this case, and for many years after this 
description pulsating exophthalmos was thought to 
be pathognomonic of intraorbital aneurysm (Demp- 
sey, 1886; Nunneley, 1859). In 1865 Nunneley 
extended the pathological possibilities by describing 
two cases of pulsating exophthalmos due to an 
aneurysm of the internal carotid in one case and 
to an intracranial extension of a thyroid carcinoma 
in the other. 

In 1870, Delens reviewed the whole problem of 
pulsating exophthalmos and identified a carotid 
cavernous fistula as the most common cause, and 
from that time intraorbital aneurysms seem to have 
been almost forgotten. This can be seen in the 
publications of Locke (1924) and Martin and 
Mabon (1943) followed in 1920 by Sattler who 
referred to five supposed arteriovenous aneurysms, 
not verified, as a cause of pulsating exophthalmos. 

In 1949, Heimburger, Oberhill, McGarry, and 
Bucy reviewed the published cases of intraorbital 
aneurysm and found that only in six was the lesion 
verified. After studying the descriptions given, they 
came to the conclusion that in many cases the ocular 
symptoms were probably due to carotico-cavernous 
fistulas or vascular lesions of endocranial origin. 
They added one case of their own of non-pulsating 
exophthalmos of the left eye of rapid development. 
It was accompanied by congestion, pain, conjunc- 
tival oedema, amblyopia, increase of ocular pressure, 
and dilatation of the veins of the retina, followed 
later by haemorrhages. This case was explored and 
a great dilatation of the lacrimal artery was found, 
without any evidence of other vascular abnormalities. 
Ligation of the enlarged artery was followed by 
recession of the clinical symptoms. 

The following case presents a clinical picture of an 


intraorbital arteriovenous aneurysm, verified by 
angiography. 


Case Report 


E.C.F. (H.CL, $.0.E.41.402), a woman, 31 years of 
age, was first seen on September 18, 1957. She stated that 
in the last two years, without any pathological antecedent 
or trauma, she noticed on bending the head a feeling of 
tension around the left eye. The various ophthalmolo- 
gists who had seen her could not find any changes in the 
visual acuity, fields, or fundi. 

During the last three months these troubles had in- 
creased, appearing with any forward inclination of the 
head. Two months previously she had suffered an acute 
episode accompanied by diplopia and transient amblyopia 
lasting half an hour. The diplopia coincided with periods 
of intense palpebral oedema. These crises passed on 
lifting the head. The patient did not complain of head- 
ache or subjective cranial bruit at any time. 

Examination showed a normal young woman, bright 
and alert. The superficial venous network of the eyelids 
was perhaps more obvious than usual, especially on the 
left side. A mild exophthalmos was present on the same 
side, the protrusion being 6mm. more than on the right 
side. With the head erect, the left palpebral fissure was 
slightly narrower than the right (Fig. 1A), and there was 
also mild conjunctival congestion. The pupils were equal 
and reacted normally. Pressure on the left jugular vein, 
or bending of the head, produced palpebral swelling and 
a slight increase of the left exophthalmos (Fig. 1B). 

The visual acuity was 90/100 in the right eye, and 50 100 
in the left eye. With pfoper correction for its myopic 
astigmatism, the visual acuity in both eyes rose to 100/100. 
Ocular motility was normal, but there was a mild inter- 
mittent imbalance of the muscular equilibrium, due to 
deviation of the left eye. The visual fields showed in the 
right eye a mild upper temporal depression. In the left 
eye there was a concentric reduction for white and colours 
and a depression in the upper nasal quadrant. 

The fundi were normal except for a mild venous con- 
gestion on the left. Otherwise, the neurological and 
systemic examinations were normal. The blood pressure 
was 130/85 mm. Hg. No bruit was audible over the head 
or eyeballs. 

No abnormalities were found in the x-ray examination 


. of the head, including the orbits and the optic canals. 


Bilateral carotid angiography was carried out. No 
abnormalities were observed on the right side. On the 
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Fic. 2.—Carotid angiogram, lateral projection. Note arteriovenous 
aneurysm in posterior part of orbit. 


Palpebral fissures at rest (A) and during jugular compression 


Fic. 3. 


Carotid angiogram, early (A) and late (B) stage in axial projection. Note arteriovenous aneurysm in upper part of orbit. 
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left a lesion was demonstrated in the postero-superior 
part of the orbit. Its appearance was typical of an 
arteriovenous aneurysm, of which the arterial supply 
probably came from the lacrimal artery, a branch of 
the intraorbital portion of the ophthalmic artery (Figs. 
2 and 3). The venous drainage of the lesion was by way 
of the superior ophthalmic vein. No abnormality was 
seen in the intracranial vessels. 


Discussion 

This case demonstrates an intermittent exophthal- 
mos. The first description of this type of exophthal- 
mos was published by Schmidt in 1805, and although 
they are rare, in 1944 Walsh and Dandy collected 
111 published reports of which the majority were 
merely clinical observations. The commonly 
accepted aetiology of intermittent exophthalmos 
(Cordero, 1935; Hippert, 1936; Olivella, 1946) is that 
of an orbital varicocele, caused according to Birch- 
Hirschfeld (1930), by a complete or partial blockage 
of the venous drainage of the orbit into the jugular 
vein. In 1944 Walsh and Dandy published one of 
their own cases of intermittent exophthalmos due to 
an extensive arteriovenous aneurysm situated within 
and behind the sphenoidal fissure and extending 
through the dura mater to the Gasserian ganglion 
and the cavernous sinus. The lesion was demon- 
strated at operation, and was the first case of verified 
aetiology. Later, Walsh (1947) published another 
case in which a great varicosity was found situated 
in the sphenoidal ridge. Sena in 1955 cites a series 
of published cases of known aetiology, namely, dif- 
fuse angioma, congenital vascular tumour, lympho- 
sarcoma, ethmoiditis, pituitary tumour, cavernous 
angioma, etc. None of these cases was angiographi- 
cally verified, but Huber (1951) published a case 
similar to our own in which the lesion was so verified. 
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Concerning the treatment, we must confess th 
we have no previous experience with intraorbit 
arteriovenous aneurysms. From our experien 
with similar intracranial lesions, we had the impr< 
sion that the lesion in the present case could 
removed surgically. However, we could not gua: 
antee that in doing so there would not be the pcs 
sibility of damaging the function of the optic or 
oculomotor nerves, either by direct injury or as ; 
result of the surgical interference with the blox 
supply of the eye or the orbit. We discussed th, 
matter with the patient, and as she had not had any 
pain yet and her visual function was so well preserve, 
she decided not to accept the risks of an operation 
at present unless new circumstances arose. 


The authors wish to express their sincere thanks to 
Dr. F. Palomar for his ophthalmological cooperation. 
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NEUROLOGICAL CHANGES WITH INTRACAROTID 
AMYTAL AND MEGIMIDE IN MAN* 


BY 


ROBERT WERMAN, NICHOLAS CHRISTOFF, and PAUL J. ANDERSON 


From the Laboratory of Electro-oculography, Department of Neurology, Mount Sinai Hospital, New York 


Alterations in cerebral function produced by 
intravenously administered drugs are well known. 
Of these, two classes of drugs are of particular 
interest in diagnostic neurology: barbiturate and 
analeptic substances. These drugs have been used 
to elicit changes in function and neurological defects 
not otherwise apparent and to help to localize 
cerebral pathology. 

The use of drugs, especially “‘metrazol” (penta- 
methylenetetrazol), to produce seizures, often focal 
in the presence of lateralized cerebral pathology, is 
well documented (Ajmone-Marsan and Ralston, 
1957). The pharmacology of the convulsant agents 
at the synapse may vary greatly but the behavioural 
effects produced by intravenous administration are 
phenotypically alike. For example, “‘metrazol” is an 
activator of excitatory synapses (Purpura and 
Grundfest, 1957) while “‘megimide’ (B-B ethyl, 
methyl glutarimide) is a mild activator of excitatory 
synapses which exerts its greatest action as a block- 
ader of inhibitory synapses (Purpura, 1958). Despite 
these differences, both drugs produce similar seizures 
in the same patient. Patterned focal modes of onset 
of intravenously produced ‘“‘metrazol” seizures, 
with the exceptions of lateralized non-adversive 
arm jerks and head and eye deviation, localize 
areas of cerebral dysfunction (Ajmone-Marsan and 
Ralston, 1957). 

Amytal (sodium amobarbital) has been used most 
widely among the barbiturates in diagnostic neuro- 
logy. Amytal has been used in eliciting latent 
organic psychoses (Weinstein, Kahn, Sugarman, and 
Linn, 1953), sensory defects (Bender and Nathanson, 
1950; Jaffe, 1957), and motor deficits (Teng and 
Bender, 1955). Patients without cerebral disease 
respond to intravenous “amytal” with nystagmus, 
dysarthria, ataxia, and sleepiness. The evoked, 
lateralized findings in neurological patients are al- 
ways seen against a background of these responses. 

While there have been many reports on the effects 
of the intravenous use of these drugs, behavioural 
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observations with arterial instillation have been 
rare. Bennett (1953) injected “‘metrazol” into the 
carotid and vertebral arteries of patients with petit 
mal, producing petit mal states in unanaesthetized 
patients. Wada (quoted by Roberts, 1958a and b) 
has used ‘‘amytal” and Kjellberg (1959) has used 
‘“‘nembutal” (sodium pentobarbital) in studies on 
the mechanisms of aphasia produced by carotid 
injection. These observers find that injection of 
one side produces aphasia, and injection of the other 
side does not. Jarvik and Rothballer (1958) reported 
contralateral circling in cats with “‘amytal” injected 
into the carotid, and noted the marked differences 
between feline and primate carotid artery distribu- 
tions. 

The use of drug injections into the carotid arter:’ 
permits one to study the pharmacology of a portion 
of the brain that is relatively restricted by the arterial 
circulation pattern. Comparison of the results of 
intravenous and intracarotid injections of a drug 
should help in localizing the sites of action of the 
drugs used. However, one must bear in mind the 
time necessary for circulation to the uninjected 
hemisphere and basilar system, a period of less 
than 20 seconds. Observations made before recir- 
culation has occurred are of necessity qualitatively 
different from those made after recirculation of the 
drug. With this limitation in mind, the present study 
was undertaken. 


Material 

Seventeen studies were carried out in 16 patients 
ranging in age from 17 to 81 years. The patients 
were undergoing carotid arteriography for a variety 
of neurological conditions including seizure dis- 
orders, migraine, cerebral neoplasms, subarachnoid 
haemorrhage, post-encephalitic Parkinsonism, and 
cerebrovascular disorders. 


Method 
The patients were all studied after arteriography 
using “hypaque”’, when the placing of the needle 
and circulation patterns could be verified. All 
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patients showed filling of the cerebral circulation 
confined to the ipsilateral hemisphere as far as could 
be determined by arteriography. The Cournand 
arterial needle was used to allow for stability of the 
position of the needle and to minimize discomfort 
to the patient. Either no premedication or small 
amounts of atropine were given, The drugs, diluted 
with normal saline, were rapidly injected in 0-5 to 
2-0 ml. volumes. 

Throughout the procedure the patients were 
examined by two or more neurologists. At times 
motion pictures were taken that were subsequently 
analyzed to confirm behavioural observations. 
Electroencephalograms (E.E.G.) were recorded 
throughout on an eight-channe! ink-writing electro- 
encephalograph. Communication was evaluated 
by these tests, namely, naming of objects, counting, 
comprehension, and spontaneous speech. 

Preliminary and control observations were made 
with saline, “hypaque’’, “‘diodrast’’, atropine, “‘ten- 
silon’’, ethanol, “‘decholin’’, caffeine, and histamine. 
No E.E.G. changes were noted with these drugs. 
Minor and inconsistent behavioural changes were 
seen including headache (histamine), sleepiness and 
diffuse paraesthesiae (ethanol), tone changes (‘‘ten- 
silon’’, atropine), unpleasant taste (‘‘decholin’’), and 
increased pulse rate (atropine). Megimide and 
‘‘amytal’”’ were administered after these observations. 
Fourteen of the patients were also studied with 
intravenous amytal on separate occasions. 


Results 


Electro-encephalographic and behavioural 
changes resulted in all cases after ““megimide” and 
‘“‘amytal”’ injected into the carotid artery. The E.E.G. 
changes were invariably high-voltage, bilateral slow 
bursts, at times accompanied by spikes and at times 
accentuated on the injected side. The E.E.G. 
changes are reported in detail elsewhere (Werman, 
Christoff, and Anderson, 1959b). The behavioural 
effects are the subject of this paper and have already 
been presented in preliminary form (Werman et al., 
1959a). 


Megimide.—All patients responded to adequate 
doses of “‘megimide” injected into the carotid 
with motor seizures. The range of effective dosage 
was surprisingly narrow: all patients responded to 
20 mg., with a minimal effective dose of 10 mg. 
The average intravenous dose to produce seizures 
in another and much larger group of patients was 
between 300 and 400 mg. (unpublished observations, 
this laboratory). The ratio of the greatest to the 
least minimum effective seizure dose by the carotid 
route is 2:1 compared with an intravenous ratio of 
greater than 15:1. 
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All seizures began focally and showed deviatio 
of the head with or without accompanying mov: 
ment of the eyes away from the injected side. The: 
was always at least one initial movement of tl : 
contralateral arm. Less frequently, twitching of th: 
contralateral face was seen. An adversive onset wz ; 
seen in one patient. Most of the seizures progresse | 
and became generalized, although they were usual! , 
observed to be more violent contralaterally. 

None of the patients exhibited unusual seizure 
patterns. The movements were mostly tonic-clonic, 
less often somewhat myoclonic. The seizures lasted 
from 15 seconds to two minutes and all began within 
five seconds of injection. One seizure remained focai 
for 45 seconds and never became generalized. 

One patient, a woman with grand mal seizures 
and a left occipital slow-wave E.E.G. focus, was 
studied on two occasions. Megimide and “‘amytal” 
were injected into the left carotid artery during the 
first procedure and into the right carotid artery the 
second time. She exhibited mirror image seizures 
with threshold ‘“‘megimide” dosage. After the in- 
jection of 10 mg. “‘megimide”’ into the left carotid 
artery there was a sudden violent jerk of the head to 
the right. After an appreciable latency, the eyes 
deviated from the mid-position to the right. First 
the right arm was extended, then the left. A 
generalized seizure ensued with apnoea, cyanosis, 
and clonic movements of all extremities lasting 90 
seconds and followed by sleep. Injection of 10 mg. 
““megimide”’ into the right carotid artery produced 
a head jerk, deviation of the head to the left with 
the eyes remaining in mid-position, and a shrill 
scream. This was followed by extension of the left 
arm, then the right, generalized clonic movements, 
apnoea and cyanosis lasting 100 seconds and followed 
by sleep. 


Amytal.—Amytal, 25 to 75 mg. injected into the 
carotid artery, produced behavioural changes in all 
patients when rapidly injected in 0-5 to 2:0 ml. 
volumes. On several Occasions, patients received 
more than one injection. If separated by sufficient 
intervals, the results were regularly reproducible. 
Contralateral hemimotor defects were produced in 
all patients studied and were always the most strik- 
ing and profound changes produced. Motor defects 
always appeared within five seconds and lasted from 
two to seven minutes and were at all times the last 
lateralized symptoms to disappear as the patient 
recovered. The hemiparesis was usually most 
marked in the arm, the face and leg each decre- 
mentally involved. One patient exhibited weakness 
most marked in the leg after ‘“‘amytal” injected into 
the carotid artery of an apparently normal hemi- 
sphere. Of the 12 patients without Babinski toe 
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signs before intracarotid injection of ‘“amytal’’, 
1ine developed a contralateral Babinski sign and one 
jeveloped bilateral Babinski signs. No ocular gaze 
galsies were observed. 

All patients studied were right handed. There 
were five right carotid injections and 12 left-sided 
injections. Four of the patients with left carotid 
injections exhibited mild to moderate aphasic 
symptoms before injection, none of the right-sided 
group being aphasic. Following intracarotid 
injection of ‘‘amytal” there was no definite aphasia 
observed in the non-aphasic patients and no increase 
in communicative difficulties in the four aphasic 
subjects. Brief aphonia lasting less than 10 seconds 
was noted in three non-aphasic patients, two after 
left carotid injections and one after a right carotid 
injection. Dysarthria was found in five patients, 
appearing within 15 seconds in only one. This 
dysphasic patient was clearly dysarthric within five 
seconds after the intracarotid injection of ‘“‘amytal’’. 
However, naming of objects, comprehension, and 
word usage were unaffected. Organic mental changes 
were not observed in any of the patients after intra- 
carotid injection of “‘amytal”. 

The examination routine was directed at the most 
complete evaluation of language function and motor 
status possible within 15 seconds. Therefore sensory 
and field examinations were less complete. More- 
over, those patients with sensory or field defects 
manifested these deficits for periods of less than two 
minutes. Adequate sensory testing was possible in 
nine patients, five of whom developed mild to 
moderate contralateral hemisensory defects, most 
easily elicitable on double simultaneous stimulation. 
Visual fields were adequately tested in eight patients, 
three developing contralateral homonymous hemi- 
anopias of moderate degree. The three patients with 
field defects also had sensory changes. 

Nystagmus not present before intracarotid in- 
jection of “‘amytal” appeared in four patients receiv- 
ing larger amounts of the drug and only after a 
latency of at least 20 seconds. All but two of the 
16 patients studied were examined with intravenous 
‘“amytal’’ administered in increments until sleepiness 
was reported. Under these conditions, all patients 
developed nystagmus and dysarthria but in only 
three were lateralizing signs elicited. In these 
patients the increase in lateralizing findings was mild 
and far less dramatic than they exhibited with intra- 
carotid “‘amytal”’. 

The patient studied bilaterally had no neurological 
deficit on control examinations and intravenous 
“amytal” failed to produce lateralizing signs. 
Injection of 50 mg. ‘‘amytal’’ into the left carotid 
artery produced a mild right hemiparesis with 
Babinski sign, right-sided extinction and position 


sense errors, all appearing within five seconds. Neither 
aphasia nor a field defect could be elicited. The 
defects could no longer be obtained seven minutes 
after injection. Injection of 50 mg. “‘amytal” into 
the right carotid artery was followed within five 
seconds by a moderate left hemiparesis, a left 
homonymous hemianopia to double simultaneous 
stimulation, and poor point localization confined to 
the left side. There was no aphasia elicitable and all 
signs cleared in five minutes. 


Comment and Discussion 

Our results demonstrate that the effects of ‘“‘megi- 
mide” and ‘‘amytal” injected into the carotid artery 
are different from those found with intravenous 
injection of these drugs. Although the subjects used 
displayed a variety of cerebral disorders, the pat- 
terns of contralate:ai onset of seizures with “‘megi- 
mide”’ and contralateral neurological deficits with 
‘“‘amytal” seemed to be independent of the under- 
lying pathology. Moreover, the one patient studied 
bilaterally on separate occasions showed profound 
mirror-image congruence of effects to each of the 
drugs. The brief latencies and the angiographic 
check of unilaterality both speak for an ipsilateral 
hemispheric site of action for these drugs, as do the 
contralateral behavioural changes. Such variability 
as is reported can, to a large extent, be explained by 
nuances in cerebral circulatory patterns from patient 
to patient. 

The lateralized behavioural responses to “‘amytal”’ 
and ‘‘megimide”’ injected into the carotid artery are 
singular and not reproduced by these drugs injected 
intravenously. The rapid injection of either drug 
into the carotid circulation acts on functional 
groupings in the cerebrum ordinarily not most 
sensitive to these drugs. The nystagmus, ataxia, 
dysarthria, and sleepiness seen with intravenous 
‘“‘amytal” are suggestive of brain-stem dysfunction. 
These responses are not seen with intracarotid 
administration unless larger doses of ‘‘amytal’’ are 
used and sufficient time has elapsed for recirculation 
to the uninjected hemisphere and posterior circu- 
lation. 

The problem of localization of behavioural 
activity of a drug such as “‘amytal” is made difficult 
by the complex interrelations and functionally over- 
lapping systems of the brain. One must keep in 
mind the now commonplace observation that in the 
presence of most lesions of the brain one observes 
behavioural defects caused not by the lesion but by 
the reorganization of the intact brain. For example, 
in the case of “‘amytal’’, intravenous administration 
will eliminate nystagmus present on direct forward 
gaze and thereby improve visual acuity (Bender, 
1946; Nathanson, Bergman, and Bender, 1953). 
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This action is surprising in view of the fact that 
‘“‘amytal” consistently produces nystagmus on lateral 
gaze in normals. In these instances the mechanism is 
presumably that of two counterbalancing susceptible 
systems, a lesion of one leading to nystagmus, but 
both depressed by “‘amytal’’. 

Our data do not contravert the possible brain- 
stem site of action of intravenous “‘amytal’’. Com- 
paring the effects of bilateral simultaneous carotid 
injections of the barbiturate with those of vertebral 
injections would be a further aid in determining 
the threshold sites of action of the drug. These tests 
would help to discriminate between brain-stem 
effects and the strong possibility of a complex and 
diffuse response to intravenous “‘amytal’’. 

Localization of the sites of action of intravenous 
“‘*megimide”’ is even less clear than that for “‘amytal”’. 
The myoclonic jerks and grand mal seizures seen 
with intravenous “megimide” in patients without 
focal cerebral disease cannot be localized. It is of 
interest that the focal behavioural signs which are 
considered of least value in lateralization with intra- 
venous “metrazol’’ (Ajmone-Marsan and Ralston, 
1957) and probably with intravenous “‘megimide’’, 
viz., non-adversive unilateral arm movements and 
head and eye deviations, are the very effects that are 
consistently contralateral with intracarotid ‘‘megi- 
mide’. With intravenous analeptics the onsets of 
such seizures tend to be unrelated to the localization 


of pathology, and may vary from side to side in the 
same patient at different times. No ready explanation 
for this difference is apparent to us at present. 
Bennett (1953) injected “‘metrazol” both into the 
carotid arteries and into the vertebral arteries of 


patients with petit mal seizures. With intracarotid 
“‘metrazol” petit mal states always followed but 
contralateral seizures were seen as well. With 
vertebral injections, petit mal states were rare and 
“although long grand mal discharges were fre- 
quently elicited, no clonic movements were ever 
observed”. His conclusions on the mechanisms of 
petit mal disorders are subject to criticism because 
of (1) the restricted use of petit mal patients, and (2) 
the technique of repeating increasing doses of 
‘“‘metrazol” until the seizure threshold is reached. 
Repeated injections during one experiment allow 
for wide distribution of the drug throughout the 
brain. Bennett’s findings, however, are provocative, 
suggesting a diffuse or bilateral origin of petit mal, 
and should be extended in the light of our results. 
The success of Wada (quoted by Roberts, 1958a 
and b) and Kjellberg (1959) in producing aphasia 
with barbiturates injected into the carotid artery is 
not supported by our findings, The absence of dis- 
turbance in language or ability to communicate in 
our series was unequivocal in the periods both before 
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and after one circulation time had e!apsed eve: 
though all patients developed contralateral neuro 
logical defects. It should be noted that intravenou 
“amytal” has been reported to improve aphasi 
(Linn and Stein, 1946) but a more detailed study b 
Bergman and Green (1951) found that intravenou 
“‘amytal” had almost no effect on aphasia, increasin 
the deficit in an occasional patient. 

Weinstein et al. (1953) demonstrated that a larg: 
percentage of patients with cerebral disorde: 
develop organic mental syndromes with intravenou 
“amytal”’. Weinstein and Kahn (1952) further bring 
to our attention the language disturbance they cal! 
‘“*nonaphasic misnaming”’ (paraphasia). This dis 
turbance of communication, which superficially 
resembles aphasia, is not lateralizing and is seen only 
with bilateral cerebral disease and/or diencephalic 
lesions. Moreover, it is always accompanied by 
other manifestations of organic psychosis, including 
those produced by intravenous “amytal’’. This 
defect is characterized by misnaming of objects, 
persons, or places in terms of certain aspects of their 
function or structure, without other stigmata of 
aphasia. Roberts (1958b) reports a protocol of an 
intracarotid ‘‘amytal” injection by Wada’s technique 
wherein the patient inititally becomes confused and 
then develops a “‘dysphasia”, which is not further 
characterized. 

The techniques used by Wada and Kjellberg in 
eliciting aphasia are different in important details 
from those used in the present study. Wada (Roberts, 
1958b) injects ‘“‘amytal” in dosages of 175 to 200 mg. 
more than twice the largest dose found necessary in 
our study to produce easily recognizable neurological 
symptoms. These large doses are comparable to the 
dosages of intravenous “‘amytal’’ necessary to elicit 
organic psychosis and other neurological defects in 
the most sensitive patients. Kjellberg (1959), using 
“‘nembutal”, instils the drug by slow continuous’ 
infusion. In neither study are we told of any pre- 
caution to observe the patients before sufficient time 
has elapsed to distribute the barbiturate via the 
circulation throughout the brain. Also not indicated 
is the presence or absence of nystagmus, dysarthria, 
or other clinical evidence of generalized circulatory 
dispersion of the barbiturate. 

The reported finding by both Wada and Kjellberg 
that aphasia is produced by their techniques on 
injection of one side and not the other is an important 
one. According to the views of Weinstein and Kahn 
(1955), intracarotid injection of barbiturate, acting 
on a normal hemisphere, could produce bilatera! 
cerebral dysfunction in the patient whose othe 
(uninjected) hemisphere contains a lesion, thereby 
causing an organic psychosis and accompanying 
communicative difficulties. However, this inter- 
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pretation does not hold when injection of the 
diseased hemisphere is the only side to produce 
aphasia. In such a case, one would like to know if 
both anterior cerebral arteries are not filled from 
the same side, a not uncommon situation. 

Two further explanations for the discrepancies in 
the findings on aphasia are available. (1) The 
threshold for aphasia from barbiturate injected into 
the carotid artery is considerably higher than 
thresholds for other lateralizing hemispheric symp- 
toms, and/or (2) aphasia can only be produced by 
intracarotid barbiturate in the presence of smaller 
amounts of barbiturates throughout the brain. 
These interpretations are subject to confirmation 
by observing (1) the responses to larger doses of 
barbiturates before one circulation time has elapsed, 
and (2) the effects of smaller doses in patients pre- 
medicated by some other route. 

The universal indication for carotid arteriography 
in the patients used in this study resulted in a highly 
selected group. However, the diversity of the 
pathology exhibited and the independence of our 
results from the underlying disease would partially 
mitigate the defect of such limited sampling. The 
diagnostic value of intravenous “amytal” and 
‘““megimide” does not appear to be significant. 
However, the usefulness of intracarotid drug research 
is attested to by the implications for future study of 
cerebral physiology and pharmacology. 

No serious or persistent morbidity was noted in 
our study. We feel that judicious administration of 
intracarotid drugs in humans is a safe procedure 
and a valuable research method. 


Summary 


The behavioural changes after the rapid intra- 
carotid injection of “‘amytal” and “‘megimide”’ are 
reported. A distinction is drawn between those 
findings occurring before and those after sufficient 
time has elapsed to allow recirculation to other parts 
of the brain. 

Seventeen studies on 16 patients are reported, one 
patient receiving bilateral injections on separate 
occasions. Although the patients displayed a 
variety of cerebral lesions, the results were strikingly 
independent of the location and nature of the disease. 


Megimide induced motor seizures most marked 
contralaterally, with universally contralateral onset. 

Amytal produced contralateral motor, sensory, 
and visual field defects. At no time was aphasia 
seen. The finding of aphasia by other workers using 
intracarotid drugs in humans is a safe procedure; 
effects of the drug are essentially those found with 
intravenous “‘amytal’’. 

The sites of action of “‘megimide” and “‘amytal” 
are discussed. 


We should like to express our appreciation to Dr. 
Morris B. Bender, whose advice and encouragement 
made this study possible. 


Addendum 


Since this paper was submitted, a book has 
appeared with further discussion of the Wada 
technique (Penfield and Roberts, 1959). On 
page 98, we find the following pertinent comment 
on their results: “The sodium amytal aphasia 
test has not given clear-cut evidence of 
bilateral representation of speech but has shown 
some equivocal results.’’ This statement gains added 
meaning in the light of our results and discussion. 
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THE PROGNOSIS FOR AFFECTIVE ILLNESS 
WITH OVERT ANXIETY 


BY 


LINDSAY WALKER 


From Netherne Hospital, Coulsdon, Surrey 


Not the least of our problems in psychiatry is the 
ubiquitous anxiety state. These patients are an 
unsatisfactory group because there seem to be no 
established indications for treatment, and it is rare 
to find anyone who is prepared to give an un- 
equivocal prognosis. This is due in large measure to 
the fact that anxiety is a word having varying 
connotations, so that “‘anxiety state” is not a precise 
term. Even if anxiety is strictly defined there are 
still a number of different conditions having this 
symptom in common, and which may all therefore 
be reasonably called anxiety states. For this reason 
questions about the treatment of anxiety states have 
little real meaning, and it is easy to see how such 
methods as individual psychotherapy, group therapy, 
tranquillizers, modified insulin, and even electro- 
convulsive therapy, may all be mentioned at some 
time during the course of a discussion on this 
subject. Until we have a working classification and 
some agreement about the untreated prognosis for 
these illnesses, there can never be unanimity about 
the indications for treatment, or any useful 
evaluation of the treatments. 

This article is concerned with the classification of 
illness confidently diagnosed as affective (as opposed 
to schizophrenic or organic), and in which anxiety 
is the cardinal presenting symptom. Illness in which 
anxiety was incidental, but not predominant, has been 
excluded. It is probably because of this that 
patients, with one exception, are from the age 
group 20 to 35 years. 

It is imperative to be clear about the boundaries 
of the subject under investigation, and “‘anxiety” in 
this context refers to manifest, overt, or free- 
floating anxiety. This is variously described by the 
patient as a feeling of fear, panic, tension, or, more 
descriptively, as-a sensation of being wrought up, 
or of expecting something unpleasant to happen. 
Physiological concomitants of fear are almost in- 
variably present. Common ones are described as 
palpitations, rapid heart beats, missed heart beats, 
or a sudden empty feeling in the pit of the stomach. 
The less common are complaints of diarrhoea, 


frequency of micturition, and a sudden sensation 
of dizziness or instability. The fear may be name- 
less, or secondary elaboration may occur so that 
anxiety becomes centred, for instance, on the idea 
of heart disease or death. Bodily symptoms may 
occasionally be the first or main complaint, but the 
feeling of acute anxiety is always present. 

This definition of anxiety excludes from the study 
all those anxiety states, anxiety hysterias, or organ 
neuroses in which somatic symptoms are un- 
accompanied by manifest anxiety or tension. 

All the patients considered were under my care 
and supervision from the onset of their illness. 
They were selected from among consecutive out- 
patients using the criteria listed below, and were 
seen in departments serving rural, urban, and 
metropolitan-suburban districts of Surrey and 
Sussex. Throughout the study the treatment was 
not definitive, and consisted of varying admixtures 
of superficial reassurance and amylo-barbitone, 
grain }. It can reasonably be described as 
expectant. 

The fundamental basis of classification was 
prognostic. In addition, it seemed to me that other 
reasonably objective criteria having possible pre- 
dictive value could be set up based on the mode of 
onset, and the method of progression or course of 
the illness. . 

Presenting symptoms were used for classification; 
some patients changed their symptoms as time 
passed, but they were not reclassified. 

The criteria are as follows :— 


Prognostic Criteria 


Group 1.—Patients show complete recovery 
without residual symptoms. Follow-up after 
recovery was not less than three months. 


Group 2.—Patients fail to recover. The minimum 
period of continuous illness for inclusion in this 
group was two years. 


Group 3.—Patients show partial recovery, or 
relapse rapidly after apparent recovery. The whole 
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of this group was arrived at by a process of ex- 
clusion from Groups | and 2, and not by positive 
selection. 

Patients were not included in Group 2 until they 
had been ill continuously and without remission for 
two years. 


Mode of Onset 


Instantaneous.—This is to be interpreted literally. 
The illness begins suddenly, and without warning, 
and is then fully established. 


Rapid.—The illness builds up over a matter of 
hours, or a few days at the most. If the process 
involves days there may be some fluctuation in the 
intensity of the upward trend of the symptoms. 


Gradual.—Symptoms increase in frequency and 
severity over a period of weeks or months until a 
constant level is attained. Frequency as well as 
severity is included, so that the group includes a 
common type in which the presenting attack may 
be instantaneous, but recurrences are initially 
sporadic and only gradually increase in frequency 
until a pattern is established. 


Progression or Course 
Episodic without Precipitation.—The _ illness 
occurred in discrete bouts with a well-defined onset 
and termination, and in the interval the patient was 
normal, or at least his state was in no way com- 
parable with that during attacks. There was no 
apparent cause for the attacks. 


Episodic with Precipitation.—In this group attacks 
were related, for instance, to the necessity to go out 
or to meet people. The patient was well between 
attacks. 


Constant but with Unprecipitated Exacerbation.— 
The patients here experienced a constant state of 
anxiety with episodic increases in tension for no 
apparent reason. ' 


Fluctuating.—This is certainly a heterogeneous 
group. The first general characteristic was a more 
or less constant level of tension which lacked the 
sustained intensity of that in the group “‘constant but 


with unprecipitated exacerbation”. The tension 
abated completely at times in some individuals. 
It seemed to be a constitutional defect rather than 
an acquired symptom. Superimposed were 
exacerbations of tension, usually on having to 
perform incidental or routine acts which would 
constitute a minimal stress for the average individual. 

One group of patients was excluded from the 
study despite the fact that they showed anxiety as a 
major symptom. These were those with phobic states. 
They were excluded because they are already 
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identifiable clinically as a group, and are, therefore, 
able to be classified (Mayer-Gross, Slater, and Roth, 
1954). This is not to imply that they do not merit 
investigation on other accounts, or, in particular, 
that the prognosis for this illness is well established. 
Patients excluded had to conform with the following 
description. They showed anxiety as a major 
symptom, and they experienced this in a particular 
setting, or by contemplation that this situation 
might arise. The cause of the anxiety lay in the 
specific fear of what might happen in the particular 
situation. The fear was recognized by the patient 
as irrational, and was resented, but without in- 
fluencing the anxiety. These phobic states are to be 
distinguished from superficially similar states in 
which free-floating anxiety gradually becomes fixed 
to one or more situations. The latter syndrome was 
included in the study. It is less well defined, and 
has more variants than the phobic states. Because 
the anxiety becomes centred, for instance, on crowds 
or queues, the illness may be designated as a 
specific phobia, e.g., agarophobia, or a phobic 
anxiety state, and there is frequently no attempt 
made at differentiation from the phobic states. In 
practice, phobic state, phobic anxiety state, and 
phobia tend to be used indiscriminately. Examples 
may serve to underline differences. 

The patient with a phobic state may be unwilling 
to go to the cinema because of the intrusive idea 
that the gallery will fall and kill her. This idea is 
resented and resisted, but the patient remains in- 
tensely anxious so long as she is in the cinema. 

The patient with a phobic anxiety state experiences 
anxiety symptoms, and comes to fear going out in 
case she has an incapacitating attack in public. The 
attacks are infrequent at home, but increase in 
frequency and severity the further the patient goes 
from home. There is no compulsive element in- 
volved here, and the patient does not resist or 
resent the thought which keeps her at home, 
because it is the logical sequel to the anxiety attacks 
which are the primary symptom. 


Results 
The classification of 111 patients is shown in 
Fig. 1. Tests show that in form of onset and 
ultimate prognosis the episodic without precipitation 
group is highly significantly different from the 
others. 


Discussion 
This is a clinical study having as its objective the 
classification of patients with overt anxiety. The 
criteria were chosen because they were reasonably 
objective, and because I hoped they might have 
predictive value. The results establish significant 
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_ Fic. 1.—Classification of 111 patients with anxiety symptoms. 


relationships, but, with one exception, it is not 
possible to make out a case for the delineation of 
clinical syndromes. The exception is that group 
of patients described as “episodic without precipita- 
tion” and for whom the onset of the illness is almost 
always instantaneous and the outcome invariably 
good. 

The following is a description of a typical case :-— 

The onset of acute anxiety is instantaneous, un- 
related to circumstances at the time, and comes as 
a complete surprise to the patient. There may be 
associated somatic symptoms other than those of 
pure anxiety, for instance, odd paraesthesiae. The 
anxiety attacks are episodic, of an order of fre- 
quency of two per day, tending to maintain a 
schedule with individual patients. The episodes are 
sudden in onset, but die away more gradually. 
Between attacks the patient is relatively normal, 
although tending to be irritable or morose. 
Throughout the illness the patient resists the onset 
of attacks, and indulges in furious self-recrimina- 
tions because of his or her inability to prevent them. 
Patients become voluble on this point so that I have 
seen them regarded as hysterical. 

Commonly the patients have vague, ill-formulated, 
gloomy forebodings, and become reluctant to plan, 
and are increasingly inert. This gloomy feeling may 
be associated with intrusive thoughts that they have 
organic diseases, which they resist and regard as 
futile, but which they cannot quite dismiss. One 
patient said, ““My wife wants new curtains, and we 
have got all the patterns, but now I cannot take an 
interest, because somehow I feel I shall not live to 
see them. I know this is silly, and I could kick 
myself’. Depression as such is rarely a specific 
complaint. 


Sleep and appetite are variable, and of little 
assistance in diagnosis. Weight is lost, but rarely 
more than a stone. 

Previous attacks, all of them self limiting, had 
occurred in five of my cases, although almost all 
had had transient attacks in which episodes had 
occurred daily for up to 10 days, but the patient had 
not been to a doctor. 

Personality was independent and energetic. 

I find the episodic without precipitation type 
of illness consistently diagnosed and accepted 
as an anxiety state, whereas I believe the better 
diagnosis to be depression with episodic anxiety. 
The anxiety symptoms are so prominent that de- 
pressive symptoms may fail to be elicited, or the 
clinician may be misled into confusing symptoms 
with illness as is frequently the case when the word 
hysterical is used. 

Briefly, the reasons for regarding the illness as 
depressive are as follows :— 

Anxiety may be a symptom of depression (Lange, 
1928 ; Lewis, 1934). Depressives get well (Ross, 
1923). There is a well-defined onset resulting in a 
change of behaviour (Lange, 1928). The onset is 
in the third and fourth decades (Slater, 1938). 
Previous attacks are not uncommon (Rennie, 1939, 
1942) and will be higher if the transient attacks are 
included. In addition, gloomy foreboding, self- 
reproach, and obsessional thinking, although 
not perhaps obtrusive, are frequently present. 

Although the remaining 87 cases do not fall so 
readily into clinically recognizable groups, it is still 
possible to apply the results usefully to clinical 
problems. This can be done entirely objectively 
without making a formal diagnosis. For instance, 
where anxiety is of instantaneous onset, it can be 
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seen from Fig. 1 that patients fall into two groups, 
and the prognosis is good or bad, but never in- 
different. The distinction between the alternatives 
may be made by deciding whether the patient is 
constantly tense or relatively normal between 
episodes. 

Alternatively, clinical description may be invoked, 
and after a diagnosis has been formulated, the place 
of the patient in Fig. 1 may be assigned by applying 
the criteria of onset and course. If this is done it 
will be found that patients with undifferentiated 
tension states (Curran and Partridge, 1952; 
Pippard, 1955) fall mainly into the group “constant 
but with unprecipitated exacerbation’. For these 
patients the outlook is never good and whether it 
is bad or indifferent seems to depend on the type 
of onset. Other chronic and undifferentiated tension 
states fall into the group “‘fluctuating”’. The patients 
I have called phobic anxiety states fall mainly into the 
group “episodic with precipitation”. Patients who, 
in practice are loosely called recurrent anxiety states 
or merely neurotics, appear in the group “‘fluctuat- 
ing’. Having assigned a patient to a place in this 
table it is then possible to make inferences about 
the prognosis. 

One type of patient who upsets an attempt at 
classification such as this:is the transitional case 
which changes type from time to time. Some of 
these are true hysterics in whom tension is as much 
a conversion symptom as paralysis. In other 
instances it seems that affective illness must be an 
interacting system in which consistent patterns of 
reaction are the rule but in which not infrequently 
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one type may be diverted as it were to a different 
set of circuits. It is noteworthy that in only about 
a quarter of my cases was this circuit spontaneously 
reversible. That is, spontaneous recovery was 


restricted to about 25°% of the cases, and these were 
almost all those of the depressive type. 


Summary 


Patients presenting themselves with overt anxiety 
as defined have been classified using outcome as the 
primary criterion. Two subsidiary sets of criteria 
relating to onset and course use time relationship 
as their main basis for selection. 

Significant inter-relationships are established, and 
the existence of one group is claimed as a discrete 
clinical entity probably best described as falling in 
the depressive section of the affective system of 
reactions. This group accounts for the majority of 
spontaneous recoveries among the anxiety states. 


I am grateful to Dr. J. P. S. Robertson for statistical 
advice and to Messrs. Hulme and Cooper of the 
laboratory for preparing the chart. 
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PROCEEDINGS OF THE SOCIETY OF BRITISH NEUROLOGICAL 
SURGEONS: 59th MEETING 


The 59th Meeting of the Society of British Neurological Surgeons was held at the Royal Societ 
of Medicine, London, as a joint meeting with the Canadian Neurological Society and the Association 


of British Neurologists on July 14-15, 1959. 


The Chair was occupied in rotation by the Presidents of the three Societies, G. S. Clark- 


Maxwell (Derby), Dr. Allan Walters (Toronto), and Professor F. J. Nattrass (Newcastle). 


Dr. Eari 


Walker (Baltimore) attended as the special guest of the Society. 


Neuraxial Congenital Dermal Sinuses 


W. S. KEITH (Toronto) reported eight cases of lumbo- 
sacral dermal sinus. Three cases were infected, of which 
two recovered and one died. He noted that in spite of 
many publications on this subject during the past 30 
years these insignificant lesions were usually overlooked 
until infection had gained access to the central nervous 
system. Experience at the Hospital for Sick Children, 
Toronto, showed that death from this cause still occurred 
and that there was still a high incidence of damage to 
the brain, spinal cord, and cauda equina and also severe 
complications in the urinary tract. All these complica- 
tions were preventable and a greater awareness of the 
existence and significance of these lesions was desirable. 


Colloid Cysts of the Cervical Canal 


R. T. JOHNSTON (Manchester) described in detail two 
cases of intrathecal cyst of the cervical canal causing 
cord compression. The cysts were attached to the 
anterior aspect of the cord by a narrow pedicle, contained 
colloid, and were pathologically indistinguishable from 
the colloid cysts of the third ventricle. Their relationship 
to congenital cysts of the central nervous system in 
general was discussed, and the question raised as to 
whether colloid cysts favour predominantly the third 
ventricle because they originate only in a vestige of a 
specialized structure such as the paraphysis, or because 
an error of development at a stage which produces a 
colloid cyst is more likely to occur in the third ventricle 
than elsewhere. 


Radioactive Encephalography: Automatic Brain Scanning 
Using Radioactive lodinated Albumin 


WILLIAM FEINDEL, JOSEPH STRATFORD, G. A. B. 
Cowan, and S. Feporut (Saskatoon) reported on the 
method and results of using an automatic brain scanner 
in localizing various lesions in the brain. 

They noted that a number of radioactive substances 
had been used recently as indicators of local changes in 
the blood-brain barrier. Local variations in the uptake 
of the substances in the brain could then be mapped out 
by radiation counting devices applied externally to the 
head. Rectilinear automatic scanning had _ been 


developed, particularly by Sweet and Brownell, and 
detailed studies of collimation had been made by Shy 
and others. The present report was a review of 70 neuro- 
surgical cases with verified intracranial lesions in which 
automatic scanning was carried out with twin scintilla- 
tion counters mapping the head in a spherical pattern. 
This apparatus, which had been designed by Reid and 
Johns at the Saskatoon Cancer Clinic, had been in use 
over the past three years and the advantages and 
limitations of the method were described. 


Aspects of the Behaviour of Human Gliomas in 
Tissue Culture 


T. P. Morey (Toronto) reported on the results of 
tissue culture of human gliomas. 

As a basis for future study of gliomas in vitro, 
60 tumours had been grown in culture and their appear- 
ance and behaviour recorded. Certain features might 
be seen which were characteristic of the group, even 
though the various types of tumour did not give rise to 
predictable patterns in culture. Attempts—largely 
unsuccessful—at transplanting these tumours into rats 
and mice were reported briefly and information con- 
cerning the shedding of glioma cells into venous blood 
was presented. 


The Evolution and Dissolution of Convulsive 
Phenomena following Head Injuries 


A. EARL WALKER (Baltimore) presented a report on 
the course of patients having post-traumatic convulsive 
disorders over an eight- to 10-year period. He noted 
that the incidence of post-traumatic epilepsy did not 
seem to have lowered, compared with First War figures. 
in spite of better methods of wound therapy, less in- 
fection, and improved treatment for the severely head- 
injured patient. He wondered, however, whether the 
populations of the surviving head-injured from the two 
world wars was the same. Was it not possible that 
better methods of treatment had saved the lives o! 
severely injured patients, a group in which the frequency 
of epilepsy was almost 50% ? 

He stressed the difficulty of making a clear diagnosi: 
in many cases and this was especially true of sudder 
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ttacks of “dizziness”. These attacks were commonly 
scribed to vasomotor instability and although com- 
nonly transient might persist for weeks or months. He 
uggested that inclining the patient on a tilt table whilst 
aking E.E.G. recordings or suddenly compressing the 
«ular globes might help in diagnosis. The appearance 
f slow waves associated with syncope on _ these 
nanoeuvres favoured a vasomotor origin of the attacks. 

Even when attacks could be identified as epileptic it 
yas not easy to decide whether the patient should be 
alled an epileptic or not. Such a designation involved 
mportant courses of action by the patient, by his medical 
ttendant, his employers, and his lawyer. It was of the 
itmost importance to know, therefore, if a patient had 
iad one or more attacks which were epileptic, what were 
he chances of further attacks. In an attempt to answer 
(his question he had studied two series of patients. The 
first was a series of 244 men seen and studied in detail 
in 1945-46. All had sustained head injuries, most of 
them penetrating the brain, and had had one or more 
convulsive seizures. These had been followed for a 
period of 10 years. The second series was 732 head- 
injured men in World War II examined six to nine years 
after injury. Of these, 207 developed epileptic mani- 
festations. The period of follow-up varied from two to 
10 years. The total followed up of the two groups 
was 435; 16 had died in the interim period. 

In the first series of those living, 46°1°% had had no 
attacks for more than two years and 35-6% had had no 
attacks from the fifth to the tenth year after injury; 
14-6% had experienced only one or two attacks per year 
in the last five years and the remainder were having 
frequent attacks. This freedom from attacks was not 
related to medication. Of the second series, 21-1°% had 
had no attacks for five years, 12:1% for two years, 
22% had rare attacks, and 43-9°%% were having several 
attacks a year. 

The frequency of major attacks was less than that of 
attacks of all types. Many of the patients having minor 
seizures were so little affected by them that they might 
be considered as “normal”. This spontaneous re- 
gression of attacks after head injury had been mentioned 
by most writers on the subject but had been little 
emphasized. 

The time of cessation of attacks was of interest and in 
all categories the highest incidence of cessation was in 
the second and third years. For all types of attack, 
20% stopped in this period and about 5% per year 
thereafter. The incidence of freedom from major 
seizures was almost double this figure in the second and 
third years. 

Patients with attacks occurring early after a head 
injury were generally considered to have a better prog- 
nosis than those with late attacks. In the first series, 
patients who had early attacks fared no better than those 
Starting late. This series, however, was probably a 
selected one and patients who had had early seizures 
in evacuation units or base hospitals might not be re- 
ferred to the epilepsy centre. In the second series, 
however, only 15% of patients who had had an attack 
within a week of wounding were having attacks six years 
‘ater; this might be compared with 50% of patients 
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having their initial seizure one to four weeks and 65% of 
those having an initial attack more than four weeks 
later. 

In the first five years, the cessation or absence of any 
type of attack for one year was a good omen, for such 
patients had about four chances out of five of having no 
more attacks in the next five to eight years. If the 
patient was free of attacks for two years, the chances of 
recurrence of multiple attacks was quite slight. Even 
if the patient had occasional attacks in the first five years 
after an injury, however, there was still one chance in 
four that there would be no recurrence of attacks in the 
subsequent five years. 

Frequency of attacks was of prognostic value, those 
having few attacks in the first five years being more 
likely to become free of attacks. Although the number 
of attacks might remain the same, improvement could 
take place by a shift from major to minor seizures. 

Many people had hoped that E.E.G. recordings would 
give reliable information as to the possibility of epilepsy. 
From the evidence available he could only conclude, 
however, that brain waves might denote cerebral damage 
but they did not reliably indicate or forecast the occur- 
rence of convulsive complications. Hence an abnormal 
E.E.G. did not mean that a patient had or would have 
post-traumatic epilepsy. In fact, men having comparable 
severity of injury, with or without epilepsy, had E.E.G.s 
of practically identical degrees of abnormality. This 
was true of records made six months after injury and 
many years later. In head injuries, therefore, the E.E.G. 
findings correlated with the degree of severity of wound- 
ing which was only one of the determining factors in the 
genesis of a post-traumatic epilepsy. 

Where there was reasonable suspicion of attacks having 
occurred and a fear that these might recur, he felt it 
would be better to award the man an insurance policy 
against recurrence rather than compensation. In closed 
injuries, the premium should be not more than 1% and 
in open wounds not more than 10% of the face value 
of the policy. If he did develop seizures, he would be 
compensated, if he did not he would not have been 
stigmatized and the compensating agent would not have 
paid a penalty. 

Even if seizures did develop, it should be clearly 
understood that they might not chronically recur. In 
fact, if within the first year or two after a head injury, 
the patient had had only one or two attacks, he would 
question the advisability of labelling the condition post- 
traumatic epilepsy. There was excellent evidence that 
such patients had a good chance of living a normal life 
not punctuated by convulsions. 


Psychogenic Regional Pain Alias *‘Hysterical’’ 
Pain 


ALLAN WALTERS (Toronto) delivered the Presidential 
address of the Canadian Neurological Society on this 
subject. He noted that hysterical pain had traditionally 
meant pain in a bodily part, often with functional 
tenderness and sensory deficit and with no source of 
afferent stimulation. When it persisted unrecognized, 
it might elude diagnosis and defy treatment. A clinical 
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series of hysterical pain problems from a_neuro- 
psychiatric consulting stream had been reviewed. The 
range of psychiatric backgrounds extended well beyond 
hysteria to include most of the neurotic, psychotic, and 
organic types of reaction. Hysterical pain, then, did not 
signify hysteria and theories of hysteria might provide 
only a partial explanation. It was suggested that the 
term psychogenic regional pain be brought forward into 
widest usage in place of the term hysterical pain. 

This kind of pain was psychogenic in that it might 
vary independently of the afferent sensory stream, 
whereas it appeared consonant and appropriate to the 
way the patient was feeling or behaving. It was regional 
in that it was perceived remotely from mental activity 
and localized in a region of contiguous physical tissue. 
The boundaries of this region, be it area or volume, 
could not be explained by present knowledge of anatomy 
or physiology, whereas they seemed to have the attributes 
of form and symbol in the process of perception. This 
pain appeared to be a symbol of mental life remotely 
localized in the somatic percéptual field. 

This emphasis on the process of perceptual sym- 
bolization as a source of pain raised a context of general 
problems which were discussed in detail. He noted that 
such an emphasis under the term psychogenic regional 
pain might be a more useful basis for the study and 
treatment of this type of pain in view of our new know- 
ledge and fresh appreciation of the complex processes 
which were involved in our perception of our pains. 


Peripheral Nerve Conduction in Neurological Patients 


R. W. GiLuiatt (London) said that motor nerve 
conduction was known to be slow in regenerating nerve 
fibres (Hodes, Larrabee, and German, 1948), in peripheral 
neuritis (Lambert, 1956), and in localized compressive 
lesions such as the carpal tunnel syndrome (Simpson, 
1956). Comparable disturbances of sensory nerve 
conduction had been demonstrated by direct recording 
from the median and ulnar nerve trunks (Gilliatt and 
Sears, 1958). 

These techniques had now been used to study the 
long-term effects of operation on the carpal tunnel 
syndrome. Post-operative examinations on patients 
with slowing of median nerve conduction at the wrist 
had been carried out at regular intervals for periods up 
to two years. Another series of carpal tunnel syndromes 
treated by splinting of the wrist had been investigated 
in the same way and a further group treated by local 
injection of hydrocortisone was being studied in 
collaboration with Dr. J. B. Foster. 

In patients with lesions of the deep branch of the 
ulnar nerve, Simpson’s original observation of a local 
conduction delay in the hand had been confirmed 
(Ebeling, Gilliatt, and Thomas, 1960). It was of 
interest that a lesion in the hand might cause slight 
slowing of conduction in the proximal portion of the 
ulnar trunk as high as the axilla: this phenomenon had 
also been observed in regenerating nerves after suture at 
the wrist. In mild ulnar lesions at the elbow, motor 
nerve conduction studies had sometimes been unhelpful, 
significant abnormalities being found only when record- 
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ing directly from the ulnar nerve above the elbow durin 
stimulation at the wrist. In such cases, attempts ha 
been made to define the upper level of the lesion b 
stimulating the nerve trunk above the elbow and recor 
ing the arrival of afferent volleys at axillary level. 

In the lower limbs it was possible to record affere: 
volleys from the peroneal nerve and this technique mig! 
prove of value in the investigation of patients with mi! 
sensory loss and paraesthesiae in the feet. 

In patients with long-standing polyneuritis marke 
slowing of nerve conduction had been the rule but ji 
Charcot-Marie-Tooth disease the results had bee: 
variable and some of his patients had shown norma 
conduction velocity in spite of gross peripheral wasting 
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Broca’s Contribution, Reviewed a Century Later 


MACDONALD CRITCHLEY (London) discussed Broca’s 
contribution to aphasiology. He noted that until the 
beginning of the nineteenth century scant attention had 
been paid to this subject. Articulatory defects were not 
distinguished from dysphasia and both were confused 
with incoherency of speech and mutism associated with 
states of semicoma. Later, physicians began to realize 
that speech impairment could arise independently of 
lingual paralysis and that loss of memory for words and 
names could exist without any concomitant loss of 
general memory. 

The ideas of Gall that mental processes were divisible 
into rigid compartments and that each aspect of brain 
function could be correlated with a circumscribed area 
of the brain were a further stimulus to precise thinking. 

Within the interregnum of indecision which these 
phrenological notions evoked came the _ classical 
demonstration by Broca. 

He then described the events surrounding this demon- 
stration and the discussions which followed it. He 
stressed the fact that the part played by Dr. Ernest 
Auburtin in this important event was often overlooked. 

He noted that Broca’s contribution triggered off a 
belief that speech disorder was a focal symptom in brain 
disease, and by implication that the normal faculty of 
speech possessed a cerebral “representation” of a limited 
punctate character. 

Although many neurologists were utterly unimpressed 
by such over-simplification, they did not make a direct 
attack upon the materialists’ notions and it was only 
within the last decade or so that more general dis- 
satisfaction had been expressed. Not even had a rigid 
ascription of speech function to purely left-brain activity 
and speech dysfunction to left-brain disease been wholly 
accepted and the role of the minor or non-dominan't 
hemisphere was no longer inadmissible. 

A final remark was necessary as to the problem o° 
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dysphasia versus dysarthria. Originally regarded as 
more or less identical, they became sharply distinguished 
by Jackson and his contemporaries. After several 
changes of view in the intervening years, contemporary 
ideas once again tended to swing away from too rigid 
a Cleavage between disorders of language. It was now 
recognized that in aphasic utterance there might be a 
considerable upset in phonemic patterns, but further- 
more, cases of inborn articulatory defect might lead to a 
stunting in the free growth of the faculty of language. 
Lastly, the notion of articulatory apraxia—once en- 
thusiastically acclaimed, later discredited—had once 
again become mooted as a factor in acquired affections 
of speech. 


A Symposium on the Results of Modern Treatment 
of Head Injuries 


C. E. G. Goutp (Vancouver) stated that once the 
severity of damage, in terms of depth and duration of 
altered consciousness, length of retrograde amnesia, 
degree and duration of confusional state, condition of 
the spinal fluid, and precise information as to local 
damage had been appraised a prognosis could be 
formulated. He wished to elaborate, however, on certain 
factors that had no relationship to the above criteria 
but which might exert a profound effect on prognosis. 

Amongst these factors could be mentioned the pre- 
morbid personality of the patient and the litigation 
factor. Frequently a potent influence was exerted on a 
patient by a marital partner, members of the family, or 
friends. These influences often “froze” a patient into a 
pattern of reaction to injury where function was below 


the level predicted on a solely organic basis. 
A particular problem in Canada was the immigrant 
who had not been successfully assimilated into the 


country of adoption. In such cases one frequently saw 
a paranoidal reaction directed towards the insuring 
body. 

In older patients, where head injury had been incurred 
at work, and especially when the work was of a hazardous 
nature, the motivation to return to work was weak. 

When assessment of the réle these factors might be 
playing in a given case was added to the assessment of 
severity of injury in organic terms, the picture could 
become complex to the point where prognosis was 
difficult and frequently inaccurate. 


W. Ritcuie Russet. (Oxford) said that every new 
discovery in cerebral physiology became applied to the 
study of brain injuries and the experiences of the past 
50 years reflected many changing attitudes. One couid 
recall the old emphasis on microscopic lesions in the 
brain-stem, the concept of acute compressive anaemia 
of the brain, the period of treatment by intensive de- 
hydration or by routine craniotomy in relation to 
fractures. It was generally agreed now that the chief 
effect of head injury in acceleration concussion was a 
physical disturbance of neurones caused by shearing and 
distorting waves of force throughout the brain. Strich’s 
recent demonstration of widespread tract destruction in 
cases of traumatic dementia was most significant in this 
regard. 
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The most important advance in treatment in recent 
years had been concerned with protecting the lungs from 
inhalation during coma. First aid workers now trans- 
ported these patients in the semi-prone position and 
when difficulties persisted tracheotomies were done in 
hospital. 

Recent interest in the brain-stem in relation to con- 
sciousness had led to a belief that damage here was the 
chief cause of coma, but it should be pointed out that the 
hemispheres were much more vulnerable and if widely 
concussed were just as likely to inactivate the brain-stem 
centres as the other way round. The application of 
hypothermia to severe injuries was of great interest but 
should be watched very critically. A reduction of, say, 
the degree of decerebrate rigidity, meant that the nerve 
cells involved were being inactivated by cold, but when 
exactly this was advantageous must be very difficult to 
judge. 

In recent years his special interest had been concerned 
with the rehabilitation of cases of head injury. War- 
time experience demonstrated the importance of a 
vigorous programme of physical training, and it was 
regrettable that the standard of rehabilitation of civilian 
injuries was in many places so low. Good rehabilitation 
prevented the post-traumatic neurosis from developing, 
but it must be realistic; there was no such thing as 
complete recovery from severe head injury, and the 
patient must understand this. 


G. F. RowsoTHamM (Newcastle) said that it was well 
known that the clinical picture of a head injury resulted 
from a complex of interacting factors that arose both 
within and outside the head. He was concerned with an 
attempt to break up this complex and to focus attention 
on those factors that arose directly from the injury to 
the brain itself. Such a study was important in the 
context of this discussion since, given adequate treatment, 
the final outcome of any head injury must depend on the 
nature, the site, and the extent of the intracranial injury. 

He was concerned on this occasion with post-mortem 
findings but mentioned operative findings, clinical 
features, neurological adductions, and animal experiments 
as other important methods of investigation. 

His material consisted of a series of 50 brain specimens 
from patients under his care who had died from head 
injury. The brains had been removed and the extent 
and size of surface haemorrhages noted. They were 
then cut in coronal section and lesions photographed. 
Histological examination was made of the brain-stem 
and post-mortem findings correlated with clinical signs. 
(An extensive series of brain sections was then 
demonstrated.) 

He realized that these sections demonstrated extreme 
degrees of injury but stressed that they probably repre- 
sented in kind similar injuries which did not come to 
necropsy. It could be concluded from this material that 
the cerebral hemispheres were more likely to be damaged 
than the brain-stem and that lasting physical morbidity 
was largely hemispheral in origin. He thought that 
brain-stem syndromes were due, in the majority of cases, 
to hemispheral damage or swelling and not to intrinsic 
brain-stem damage. Brain-stem syndromes due to 
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brain-stem damage were invariably fatal. He stressed 
that damage to the corpus callosum was common and 
probably played a significant réle in the clinical picture 
and morbidity. He noted also that acute subdural 
haemorrhages were common and often of sufficient size 
to compress the brain, and could lead to severe and long- 
lasting head pains. The incidence of damage to large 
arteries with infarction was small but when it did occur 
gave rise to long-lasting morbidity. 

Discussing the mechanisms of unconsciousness in head 
injury, he agreed that there was, as yet, no proof that 
the cerebral hemispheres were essential for consciousness 
and that injury to the brain-stem could cause un- 
consciousness. He thought, however, that it was possible 
that paralysis of function in both hemispheres could 
cause loss of consciousness and if this were so, then in 
head injuries he considered that the seat of unconscious- 
ness was hemispheral and not brain-stem. 


E. Bruce HENDRICK (Toronto) reviewed a series of 
1,997 cases of cranio-cerebral injury admitted to the 
Neurosurgical Service of the Hospital for Sick Children, 
Toronto, between January, 1955, and December, 1958. 
The major forms of injury were discussed briefly. 
Special attention was paid to the treatment of severe head 
injuries with hypothermia and to the diagnosis and 
handling of extradural haemorrhage in children. 


A. N. GUTHKELCH (Manchester) considered some of 
the special problems related to head injuries in children 
and arising from a group of 590 cases admitted to the 
Royal Manchester Children’s Hospital. He stressed the 
fact that in the mild case diagnosis was difficult and in 
43 cases there was no record of head trauma, the only 
presenting feature being that the child had vomited after 
an accident. In another group of cases the child fell over 
and then had a generalized convulsion. Undoubtedly, 
some of these cases were of simple epilepsy and the head 
injury secondary to the fit. 

The incidence of epilepsy was 5%, including cases with 
a single fit, the incidence of persistent post-traumatic 
epilepsy was 1:2%. The incidence was higher, 7% in 
cases of compound depressed fracture. From this 
series, however, it would seem that widespread brain 
damage was more important than a focal lesion, for in 
the group of cases with more than seven days’ disturbance 
of consciousness, the incidence of epilepsy was 25%. 

Post-concussional symptoms were not often a problem 
and its frequency varied with the severity of the injury. 
Contrary to usual belief intracranial haematomas were 
not uncommon in children, and in this series 12 extra- 
dural, 13 subdural, and five intracerebral haematomas 
were treated. All but one case of acute subdural 
haematoma made good recoveries. 

He drew special attention to a group of injuries around 
the orbit; these might be more serious than was at first 
suspected. In four cases sharp objects had penetrated 
the cranial cavity through the orbit. This penetration 
was unsuspected at first with the result that one case 
developed clot compression, one meningitis, and two 
cases developed brain abscesses. In two cases injury to 
the soft tissues around the orbit resulted in cerebral 
thrombophlebitis and epilepsy. In four cases a 


haematoma in the orbital area without demonstrable 
external injury or fracture led to intracranial infection. 

There were }1 deaths in the series (1-9%) most being 
due to primary brain damage. In three, necropsy 
revealed widespread anoxic changes; tracheostomy 
might have saved them. Two deaths followed air 
encephalography. 


Jo—E PENNYBACKER (Oxford) reported the results of a 
questionnaire circulated by the Society amongst its 
members in January, 1959. The object of the enquiry 
was to determine what proportion of head injuries in the 
United Kingdom were “covered” by neurosurgeons and 
to assess the value of special methods of treatment such 
as tracheostomy, hypothermia, and dehydration. The 
present report was a preliminary analysis of the returns 
which appeared to indicate that, with a few exceptions, 
neurosurgical cover was inadequate and facilities for 
convalescence and rehabilitation needed expansion. 
The rédle of the general surgeon in head injuries 
was discussed and it appeared that the most important 
practical step which could be taken now was to train 
young general surgeons in the few special techniques 
applicable to head injuries. 

The replies as to special methods of treatment in- 
dicated general agreement that tracheostomy was 
valuable, but there was less certainty as to the value of 
hypothermia and dehydration. The prognosis in cases 
of prolonged coma was discussed, and although it 
appeared that modern methods of treatment were saving 
more lives in the acute stage to be followed by prolonged 
coma, the numbers had not yet reached serious 
proportions. 


Intervertebral Disc Protrusions in Childhood and 
Adolescence 


J. E. A. O’CoNNELL (London) said that experience of 
intervertebral disc protrusions in childhood and 
adolescence had been confined to those occurring in the 
lumbar region. The records of 38 patients with such 
protrusions and aged 17 years or less were reviewed and 
the findings compared with those of an earlier analysis 
of 500 cases of lumbar disc protrusion unselected as 
regards age. : 

While the aetiological factors in adolescence were 
similar to those in later life, it was pointed out that the 
maximum age incidence of adolescent protrusions differs 
in the two sexes and corresponds to the period of most 
rapid development in each. The stresses occasioned by 
growth may thus be of aetiological significance. 

The symptomatology in the young patients resembled 
that in adults, but adolescents might complain less of 
pain although their symptoms tend to be more, per- 
sistent. No case in the series developed a severe sub- 
jective defect of function. The spinal signs and those of 
tension in the roots of the sciatic nerve were frequently 
more severe in the young patient, while the neurological 
ones were less frequent and less severe than in adults. 
Radiological abnormality was frequently absent. 

Other lesions in the lower portion of the spinal canal 
or involving the lumbo-sacral portion of the spine were 
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important in differential diagnosis. Of the former, 
intraspinal neoplasms were the most important, but 
meningoceles of the extradural nerve produced a 
clinical picture identical with that of disc protrusions. 
Of the vertebral lesions, spondylolisthesis and ankylosing 
spondylitis were the most important. Arthritis of the 
apophyseal joints occasioned a picture almost identical 
with that of a disc protrusion in one patient. Although 
it was at one time always suspected in adolescents ex- 
hibiting the clinical picture which has been described, 
no case of tuberculous spondylitis had been encountered. 

At operation, the last intervertebral disc or the 
penultimate one was involved in every case. The pro- 
trusions were composed of soft elastic disc tissue with a 
high fluid content, and on the average were larger than 
in adults. 


The results of surgical treatment were good, 91% being . 


either cured or greatly improved. Recurrence of 
symptoms required re-operation in 6% of cases. 

The different clinical picture in adolescents might be 
due to the mobility of the spine in early life. Muscle 
spasm due to the stimulation of the hyperirritable 
extradural nerve by the large soft protrusion might 
induce severe deformity and limitation of spinal move- 
ment and straight leg raising. This protected the 
extradural nerve from injury and neurological signs were 
therefore mild or absent. 


Therapy in Carotid Artery Disease 


H. J. M. Barnett and W. H. LouGHeep (Toronto) 
presented a study of a substantially large series of 
patients proven arteriographically to be afflicted with 
carotid thrombosis or stenosis. The therapeutic 
problems posed by this group were discussed. 

The most impressive result of the study was the need 
that it pointed to for early diagnosis. The difficulty 
encountered in distinguishing carotid artery disease 
from middle cerebral artery disease on a clinical basis 
had led them to conclude that one could not with any 
certainty discuss “‘carotid artery syndromes” and their 
therapy unless referred to pathologically or radio- 
logically proven cases. On the other hand, the ineffi- 
ciency of arteriography in determining clinically 
significant collateral and contralateral blood flow to 
the brain was remarked and illustrated. 

Their experience with anticoagulant and surgical 
management of these cases was outlined. The hazards 
of embarking on surgery without an arteriographic 
survey of the total problem were presented. The com- 
plicating factor of greatest importance was the coincident 
occurrence of intracerebral carotid as well as basilar- 
vertebral disease. 
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A Controlled Clinical Trial of Anticoagulant 
Therapy in Cerebrovascular Disease 
JOHN MARSHALL (London) described a clinical trial 
of anticoagulant therapy in cerebrovascular disease. 
The aim of the trial was to see if long-term anticoagulant 
therapy reduced mortality, prevented further strokes, 
and improved the functional capacity of the patients. 
One hundred and forty-two patients were in the trial, 
71 on anticoagulant therapy and 71 as controls. There 


was no significant difference in the incidence of further 
non-fatal cerebrovascular accidents, but the incidence 
of fatal cerebral haemorrhage was significantly higher 
in the treated group, hence the trial was stopped. 


The Surgical Treatment of Primary Intracerebral 
Haemorrhage 

Wy.uit McKissock (London) presented a survey of 
240 patients who had suffered a primary intracerebral 
haemorrhage, presumably due to rupture of an athero- 
sclerotic vessel, and had been treated surgically. The 
very variable modes of onset were described and the 
difficulties of purely clinical diagnosis emphasised. 
Angiography was used in 167 cases but proved diagnostic 
in only 70% so that recourse to burr holes, often followed 
by ventriculography, was often necessary to establish 
the diagnosis. The absence of bleeding into the ven- 
tricular system or subarachnoid space in 20% of cases 
was commented upon. 

Patients were treated by burr hole and aspiration (104), 
aspiration and later craniotomy (73), and craniotomy 
alone (31). Of the 208 patients treated, 106 died within 
three weeks. Follow-up of the 102 survivors for periods 
of one to 10 years revealed 31 deaths. Ten were from 
progression of the disease in periods of one to three 
months and five from further cerebrovascular accidents. 
In the remainder the cause of death was either unknown 
or from some other disease. Of the 63 survivors, 
25 were well and leading a normal life, 14 had minimal 
disability, 18 were moderately disabled, and six totally 
disabled. 

Age did not influence the chance of survival but 
situation of haemorrhage did. Capsular haemorrhages 
rupturing into the ventricular system and basal ganglia 
carried an almost 100% death rate. Those patients in 
coma had a 100% mortality whilst in those who were 
alert the death rate was 23 %. 

Cerebellar lesions formed some 10% of these cases 
and although they posed difficult diagnostic problems 
they were amenable to surgical treatment. 

He stressed the fact that a controlled trial of surgical 
and medical methods of treatment was necessary to 
establish the correct course of action in this pathological 
condition. 
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Topométrie Cranio-Encéphalique chez L’homme 
(Cranio-Cerebral Topometry in Man). By A. Delmas 
and B. Pertuiset. (Pp. 436; 121 figures, 187 sectional 
drawings and photographs. £14.) Oxford: Blackwell 
Scientific Publications; Paris: Masson et Cie. 1959. 


This is a beautifully produced volume designed to aid 
the stereotaxic worker in his search for the location in 
space of intracerebral structures. This problem is 
rendered more difficult by the individual variation in 
these structures. Correlation between the location of 
subcortical structures and the cephalic index are pre- 
sented, determining the spatial limits of any given 
individual structure in relation to standard cerebral 
planes. The limits can be derived from either graphs or 
equations given in the book, based upon statistical 
analysis of measurements of 21 subcortical structures in 
14 subjects. The authors note, and one would agree, that 
it is surprising that meaningful conclusions can be 
drawn from a study of such a smali series, but the validity 
of the deductions is based on Fisher’s work on the 
probabilities of small series analysis. The book in addi- 
tion contains a useful atlas of drawn and photographed 
cerebral sections. A short review of the statistical theory 
upon which the work is based is helpful, and there is a 
useful anatomical catalogue and alphabetical index of 
anatomical structures. The work is particularly valuable 
as it is for general purposes and not designed for use 
with any one particular stereoencephalotome. The text 
is in both French and English. 


L’Angiographie Cérébrale. By Joél Bonnal and 
Jacques Legré; Foreword by Prof. J.-E. Paillas. (Pp. 254; 
223 figures.) Paris: Masson et Cie. 1958. 


There are not many textbooks on this subject and 
Bonnal, a neurosurgeon, and Legré, a radiologist, both 
from Marseilles, have covered the field well. The illus- 
trations and line drawings are of a high quality, but it is 
unfortunate that all the radiographs are positives. 
However, this practice is by no means confined to French 
publications. 

After introducing the subject by describing the 
technique, indications, and dangers of angiography, the 
authors outline the normal angiographic appearances, 
both of the carotid and vertebral trees. This is followed 
by the largest chapter, which is devoted to neoplasms. 
The other chapters concern aneurysms and angiomas, 
obliterative lesions of the main vessels, and finally a few 
miscellaneous conditions. 

One is a little shocked by the illustrations in the 
chapter on technique. It seems that the protection of 
the operator and his assistants from ionizing radiation 
consists only in the use of a long connecting system 
between the injecting syringe and the intra-arterial 


needle. There is no suggestion of using lead-rubber pro- 
tective screens. 

The bibliography is adequate but not exhaustive. It 
is gratifying to find work quoted from a number of 
countries, but the large majority of references are con- 
tinental European. 

The book is to be recommended as one of the best of 
the recent publications on cerebral angiography. 


Temporal Lobe Epilepsy. A colloquium presented 
under the auspices of the U.S. National Institutes of 
Health, 1957. Edited by Maitland Baldwin and Pearce 
Bailey. (Pp. xiii + 581; illustrated. £5 17s. 6d.) Oxford: 
Blackwell Scientific Publications; Springfield, Illinois: 
Charles C. Thomas. 1958. 


This monograph contains the reports and discussions 
of the Second International Colloquium on Temporal 
Lobe Epilepsy held in 1957 at the U.S. National Institutes 
of Health, Bethesda, Maryland, under the leadership of 
Earl Walker and Henri Gastaut. It follows on the reports 
in the Acta Medica Belgica of the first colloquium which 
was held at Marseilles in 1954. Many contributors who 
are among the leaders in this field in north and south 
America and in Europe have taken part, and the volume 
consists of some 33 separate papers with the subsequent 
discussions. It has been arranged in four parts starting 
with the neurophysiological and electrophysiological 
aspects, and thence progressing through neuropatho- 
logy and neurochemistry before coming to the surgical 
aspects. The final section deals with the clinical and 
psychological effects of temporal lobe ablations both in 
man and in animals. Most of the reports are short and 
several are excellent, but it is inevitable that some papers 
overlap and that contrary views are given. Still, the 
monograph contains such a wealth of information that 
it is likely to be a reference book for those interested in 
epilepsy. The aspects in which the information is some- 
what sparse concern the historical development of the 
concept of temporal lobe epilepsy, its treatment by anti- 
convulsant drugs and other medical régimes, and its 
importance in psychiatric practice. 


Chronic Subdural Hematoma. By Ragnar Nordlie. 
(Pp. 164; 24 figures.) Oslo: Johan Grundt Tanum 
Forlag. 1958. 


This short monograph brings up for discussion the 
problems in the recognition and management of chronic 
subdural haematomas. It follows the Scandinavian 
custom of taking some 52 personal cases (43 chronic and 
nine acute subdural haematomas), and comparing their 
symptoms, diagnosis, and treatment with views expressed 
in the literature. The author propounds the view 
that his condition should not remain undiagnosed only 
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to be disclosed at some cranial exploration. Instead 
by a careful analysis of the symptoms supplemented by 
radiological examination, and in particular by carotid 
arteriography, all these lesions should be disclosed before 
operation, so that operation itself becomes definitive 
treatment and not an exploratory procedure. The author 
deals chiefly with chronic subdural haematomas in 
adults but also touches on haematomas of infancy. He 
gives a comprehensive survey of the literature, and draws 
our attention again to the condition without adding much 
new information. 


Dégénérescence Hépato-Lenticulaire. By Georges 
Boudin and Bernard Pépin. (Pp. 250; 46 figures. Fr. 
frs. 3,500.-.) Paris: Masson et Cie. 1959. 


This short monograph on Kinnier-Wilson’s disease 
provides a useful survey of the clinical manifestations 
of the condition. The authors review fully both the 
neurological and other findings in the disease. They 
summarize but do not critically assess modern knowledge 
of the biochemical background presumed to be the cause 
of the condition—the abnormalities of copper meta- 
bolism as represented by a reduced or absent copper- 
carrying protein, caeruloplasmin. They also mention 
treatment with B.A.L., chelating agents, and penicillamine 
and en passant by transfusion of the missing caerulo- 
plasmin. None seems to have any but a temporary effect. 
The value of the book is in bringing together and review- 
ing the scattered literature both old and new on this 
subject and in comparing it with the author’s own clinical 
experience of the disease. 


Pain, 2nd ed. By Harold Wolff and Stewart Wolf. 
(Pp. 121; 20 figures. 32s. 6d.) Oxford: Blackwell 
1959. 


This short book, now in its second edition, is devoted 
mainly to a brief consideration of the anatomical and 
physiological background of pain. This it does reason- 
ably well—especially in discussing the mechanism of 
headache, a subject on which the authors have done 
much original work. “‘Thalamic” or “‘central’’ pain is an 
important entity clinically because it is both distressing 
and intractable: but neither its description nor its 
possible physiological background are well covered. 
The description of referred pain is adequate but its 
possible mechanism is hardly discussed. The section on 
management of pain is rather disappointing: though the 
student can derive for himself some aspects of treatment 
from the anatomical and physiological considerations 
mentioned, little direct help is given to the clinician who 
has to deal with these cases. 


Neuroftalmologia. By P. Ottonello and G. W. 
Vassura. (Pp. 611; 149 figures. Lira 15,000.-.) Bologna: 
Cappelli Editore. 1959. 


The authors have written this book in two parts. In 
the first each chapter is devoted to one aspect of neuro- 
ophthalmology, visual fields, ocular movements, nystag- 
mus, the pupils, the sensory innervation, and methods of 
examination. In the second part the effects on the eye of 
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lesions in various parts of the nervous system and by 
various types of disorder are discussed. The whole is 
liberally and clearly illustrated, with colour plates where 
necessary, and the presentation is clear. The printing 
and paper are very satisfactory, but the binding could 
usefully be stronger. 


Psychological Stress: Psychoanalytic and Behavioral 
Studies of Surgical Patients. By Irving L. Janis. (Pp. 
xiv + 439. 56s.) New York: John Wiley (London: 
Chapman & Hall). 1958. 


In his introduction the author indicates how little we 
know regarding objective anxiety compared with our 
knowledge of neurotic anxiety. He then describes 
research he has conducted into effects of stress, the 
stressful situation being a surgical operation. 

In the first half of the book the author describes and 
discusses the psychoanalytic sessions of a patient, who, 
in the course of psychoanalysis, had to have an operation 
on her leg. On the basis of these studies he puts forward 
a number of hypotheses and propositions dealing with 
the causes and consequences of various types of emotional 
reactions and adjustment mechanisms which are fre- 
quently activated when people are exposed to severe 
environmental dangers. 

The second half of the book consists of a study of 22 
patients undergoing operations, and also a survey by 
questionnaire of 150 Yale students regarding their exper- 
iences of operations they had had. Perhaps the most 
obvious conclusion that the author draws is that “in- 
formed”’ patients, patients who have had the nature of 
the operation explained to them, have less fear than the 
“uninformed”. They are also less likely to become 
emotionally disturbed post-operatively, showing this by 
breaking rules or getting angry. On the basis of these 
and other findings advice is given on the psychological 
preparation of patients for operation. 


Geniale Menschen, 5th ed. By Ernst Kretschmer. 
(Pp. viii + 311. DM. 36.-.) Berlin—Géttingen—Heidel- 
berg: Springer Verlag. 1958. 


The author, well known for his psychiatric analysis 
of the relationship of body type and character, has 
investigated the biological laws, the motivations, and 
personality trends which might explain the creative 
powers of outstanding personalities referred to as Genius. 
Kretschmer’s biographical and psychoanalytical account 
of famous politicians, poets, scientists, and musicians is 
fascinating and instructive and should attract psycho- 
logists, psychiatrists, and the general reader interested in 
biographical sketches. 


Personality Patterns of Psychiatrists: A Study of 
Methods of Selecting Residents, Volumes I and II. By 
Robert R. Holt and Lester Luborsky. (Pp. Vol. I, xiv + 
386; $7.50; Pp. Vol. II, xiv + 400, $4.00.) New York: 
Basic Books. Menninger Clinic Monograph Series 
No. 13. 1958. 


After the last war, there was a vast (and to judge from 
the data in these volumes, much needed) expansion of 
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psychiatric services in the United States. This neces- 
sitated the training of large numbers of psychiatrists and 
a large proportion were trained at the Menninger School 
of Psychiatry, said to be the largest training centre for 
psychiatry in the world. The selection of applicants for 
training was made a research project to determine the 
qualities desirable in a psychiatrist. Applicants were 
interviewed and were given intelligence tests, projection 
tests, and personality inventory tests. On the basis of 
these, attempts were made to ascertain the personality 
qualities required in a psychiatrist. 

All this is very salutary and such a basis of selection 
may ultimately be preferable to the somewhat haphazard 
methods of selection used in this country. However, so 
far as practice in this country is concerned, this book 
contributes little of value. The emphasis throughout 
the book is on the superiority of psychotherapy: this 
attitude of the School must have played some part in the 
self selection of applicants. We read, for example, that of 
the 238 residents in the series, 22°% sought and received 
psychotherapeutic help, and an additional 43% sought 
treatment but did not get it. Only 35% of the residents 
apparently did not consider they needed psychotherapy. 
One must bear in mind that in this topsy-turvy world to 
be receiving psychotherapy was to have a certain social 
cachet. The attitude of the School is also revealed 
perhaps by the fact that the best residents (the steady 
highs) ended doing psychoanalysis: the poorest residents 
(the plodders and the incompetents) ended doing shock 
therapy. Even more revealing are the errata. There are 
10 errata, seven of which consist in substituting “‘psycho- 
therapeutic” for “psychiatric”. This observation is 
offered gratis to psychopathologists of everyday life. 


Recent” Progress in Psychiatry, Vol. 3 (Journal of 


Mental Science). Edited by G. W. T. H. Fleming and A. 
Walk. (Pp. 397. 42s.) London: J. & A. Churchill. 
1959. 


The third volume of ‘‘Recent Progress in Psychiatry’’, 
although published in 1959, covers the quinquennium 
1950 to 1955. Despite the delay in publication, it is a 
valuable book to the psychiatric practitioner and post- 
graduate student. The period it covers was one of active 
development in several important fields; thus sections 
are devoted to subjects such as cybernetics, the organi- 
zation and connexions of the hippocampal and intra- 
laminar systems, and the enzymatic basis of certain 
psychoses. At the same time there are serious omissions 
in the subjects represented. For instance, there is no 
chapter on the therapeutic use of drugs in psychiatry, a 
field in which major progress has been made in recent 
years. 

The primary aim of most of the contributors has been 
an impartial and wide coverage of the scope of their 
subjects. In a book of this kind, which is chiefly intended 
as a source of reference, this is more i nportant than an 
attempt at subjective evaluation, in which the writer is 
swayed by his own interests, giving an incomplete and 
possibly seriously prejudiced account of the advances 
made in his subject. This choice of approach has been 
faced squarely by the “Professor of Psychiatry, Institute 
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of Psychiatry (Maudsley Hospital)” (sic) in the sectio 
entitled “Personality Tests: 1950-1955”. Professo 
H. J. Eysenck admits frankly that the number of publica 
tions germane to this subject is so great that “any attemr 
at even reasonably complete coverage of different aspect 
would be quite impossible’’, and he reviews those trend 
which he himself considers to be the most important 
The reader slightly acquainted with personality testing 
a subject fraught with controversy, is left with the uneas 
feeling that perhaps no bread would have been better tha: 
the half loaf. 

This book would have been better for more econom) 
in editing. For example, the same subject matter is 
covered competently and in considerable detail wit! 
respect to mongolism in the chapters on psychiatric 
genetics and mental deficiency. The individual authors 
cannot be blamed as in most cases they try to cover the 
full range of the subject they have been asked to review, 
and they succeed in doing this concisely and with clear 
definition. 

Thus the chief faults of this book are deficiencies in 
overall planning and editing. The individual contri- 
butions are, for the most part, comprehensive, instructive, 
and enjoyable to read. On the whole it gives a clear 
picture of recent progress in the fields of psychiatry 
under review, and with the excellent bibliographies it 
contains it should prove an extremely. useful book of 
reference. 


Amphetamine Psychosis (Maudsley Monographs 
No. 5). By P. H. Connell. (Pp. 133; 25 figures, 22 tables, 
11 photographs. 21s.) London: Chapman and Hall. 
1958. 

Accounts of drug intoxications which mimic naturally- 
occurring psychoses are always of interest, because of 
their physiological implications and because they 
engender a little optimism over the prospects for therapy 
in the future. This study of the schizophrenia-like illness 
produced by amphetamine is concerned with 42 cases, 
and is a commendable addition to the Maudsley Mono- 
graphs. It is based on a thesis for the M.D. and it is both 
informative and readable. The description of the clinical 
condition is excellent. The frequency of this intoxication 
makes it important in differential diagnosis. The prognosis 
is good if the addiction and source of supply of the drug 
can be discovered. The author produces a careful array 
of facts to show that amphetamine psychosis is not merely 
an exposure of pre-existing but concealed mental disorder. 
He is also most careful not to draw conclusions about the 
relationship between the drug-induced and natural ill- 
nesses. 

The second part of the book is devoted to the evaluation 
of analytical methods which have obviously been of 
great service in confirming the diagnosis and in following 
the course of the addiction. There is no index. 


Ataractic and Hallucinogenic Drugs in Psychiatry: 
Report of a Study Group. Wld Hith Organ Tech. Rep. 
Ser. No. 152. (Pp. 72. 3s. 6d.) London: H.M.S.O.; 
Geneva: World Health Organization. 1958. 


This report was prepared by a small international 
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group of psychiatrists and others convened at Geneva 
in November, 1957, under the Chairmanship of Professor 
E. Lindemann, of the Harvard Medical School. Their 
terms of reference were to examine, in a preliminary 
way, the present state of knowledge—and ignorance— 
regarding the mode of action and effects of psychotropic 
drugs, and their current applications in psychiatry. 

Although admittedly preliminary, this report does 
provide a useful and well-considered survey of a field 
in which it is particularly difficult for those standing 
outside it to distinguish fact from fashion. The authors 
have some interesting and useful things to say 
about the design and methodology of drug research and 
about the importance of racial and cultural factors in 
relation to psychiatric disorder and its treatment by 
physical methods. They also stress the obvious need for 
a clear and well-defined terminology. 

In spite of the competence with which the authors of 
this report have done their work, it is clear that a great 
deal more basic research in neuropharmacology will 
have to be carried out before any very adequate rationale 
for the use of psychotropic drugs in psychiatry is likely 
to emerge. 


Carbon Dioxide Therapy, 2nd ed. Edited by L. J. 
Meduna. (Pp. xii + 541; with figures and tables. £5 10s.) 
Oxford: Blackwell Scientific Publications; Springfield, 
Illinois: Charles C. Thomas. 1958. 


Carbon dioxide therapy is used as a treatment for 
psychoneurosis, and consists in making the patient 
respire a gas containing a high proportion, say 30%, of 
carbon dioxide. This is continued until consciousness is 
lost, and is repeated at intervals. This book, a col- 
laborative effort of members of the Carbon Dioxide 
Research Association, sets out to describe the theory 
and technique of treatment, and the clinical, physio- 
logical, and psychological consequences of its use. The 
treatment was inspired by the success of physical 
measures for the treatment of the psychoses. It seemed 
probable to Dr. Meduna that physical factors that 
affect the brain must also affect the mind (though he is 
disinclined to distinguish too sharply between brain and 
mind) and he tried first with various concentrations of 
carbon dioxide. There is now a considerable body 
of psychiatrists employing this treatment, and many of 
them report their experiences with illustrative case 
records, though it is difficult to assess the results of 
treatment in such patients without a prolonged controlled 
trial. 


Mental Deficiency: The Changing Outlook. Edited by 
Ann M. Clarke & A. D. B. Clarke. (Pp. xvi + 513; 
4 figures, 26 tables. 45s.) London: Methuen. 1958. 


This book provides a most valuable record of recent 
research work on the factors which influence the develop- 
ment of mental deficiency. There is at present a great 
variety of specialists taking an interest in how the brain 
develops, and those who are relatively ignorant of the 
important work by psychologists in this field will find the 
book most valuable. 

Special emphasis is laid on the importance of the 
environment in the early months of life, on the develop- 
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ment of intelligence, and of satisfactory behaviour 
patterns. Most of the work described is of the greatest 
importance from the point of view of education in its 
widest sense, and the authors rightly stress the great 
need for research in this difficult field. 


Mental Health Aspects of the Peaceful Uses of Atomic 
Energy, Report by a Study Group. W.H.O. Technical 
Report Series, No. 151. (Pp. 53. 3s. 6d.) London: 
H.M. Stationery Office. 1958. 


This report is interesting and entertaining: interesting 
as an illustration of how little can usefully be said on 
the subject, entertaining for the verbiage used to fill the 
lacunae. No terms of reference are quoted for the 
study group producing the report. In its compilation 
the members of the group would appear to have employed 
the method of free association on the wording of the 
title. Opening with the unexceptionable if somewhat 
diffuse statement: 

“The history of mankind shows with what flexibility 
and with how great a measure of success humanity 
has adapted itself again and again to very radical 
changes in its living conditions” it concludes “But in 
the long run the greatest hope of mental health in the 
future of the peaceful uses of atomic energy is the 
raising of a new generation which has learnt to live on 
terms with ignorance and uncertainty... .” 

Before reaching this peroration, however, its 45 pages 
are scattered with such important statements as “‘The 
general public of the whole world is a concept so vast 
that an attempt to make generalizations would be of no 
value’, “Many people in government, and many 
elected representatives, have a feeling that Pandora’s 
box has been opened, and that anything can happen 
now”’, “in part, the authorities are in the same position 
as the general public and, in part, have special problems, 
owing to the demands and insecurities of their position’. 

It is a pity this report was published. It will cause many 
intelligent readers (medical and lay) to wonder how such 
a potentially important subject can be treated with such 
a wealth of flatulent platitudes: and such thoughts may 
extend to the World Health Organization which in some 
of its activities has done and is doing much useful work. 


Catechism Series: Mental Disorders, Sth ed. By 
W.S. Dawson. (Pp. 68. 2s. 6d.) Ediaburgh and London: 
E. & Livingstone. 1958. 

The Catechism series is well known to all students, 
and the fifth edition of the booklet on psychiatry has 
the advantages and faults of its predecessors. The main 
advantage is that the book contains questions of a kind 
likely to be asked in vivas: the main fault is that the answers 
are not likely to satisfy examiners who have an unfor- 
tunate habit of putting supplementary questions. For 
revision purposes, however, this booklet is valuable. 


Topics in Psychiatry. Edited by T. Ferguson Rodger, 
R. M. Mowbray, and J. R. Roy. (Pp. x + 265. 20s.) 


London: Cassell. 1958. 


This book is an edited account of papers presented at 
a Specialist Conference in Psychiatry held in Glasgow 
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in 1957. Topics discussed were schizophrenia, psychoso- 
matic medicine, tranquillizing drugs, mental deficiency, 
and biochemistry and genetics. The intention was to 
provide a survey of some of the newer developments in 
these fields and to stimulate a rapprochement between 
different viewpoints. In this the contributors have 
succeeded admirably, and the book can be strongly 
recommended as containing much information regarding 
recent advances in a palatable form. The standard of 
the contributions throughout is high and it would be 
invidious to single out any for special commendation. 
The contributors were mainly from the west of Scotland 
and this book illustrates the lively state of psychiatry in 
this region. 


Cure de Sommeil Collective et Psychothérapie de 
Groupe. By Henri Faure. (Pp. 272; 5 figures. Fr. frs. 
2.500.-.) Paris: Masson et Cie. 1958. 


The author describes a novel method of sleep treat- 
ment or rather, prolonged narcosis. Patients are treated 
in groups of five to seven for a period of three weeks. 
Narcosis is induced by barbiturates and chlorpromazine, 
the “cocktail” being administered thrice daily so that 
there are three periods of sleep. Between these periods 
there are intervals of two hours or so when patients 
have their meals and toilet and medical procedures are 
carried out. Also during these periods, the doctor who 
is in charge of the group encourages them to talk about 
themselves, their dreams, and their thoughts. The 
patients also receive individual psychotherapy. 

After describing the practical details of the treatment, 
the author discusses the dreams and thoughts expressed 
by the patients, the group and individual psychotherapy 
which the patients receive, and the value of this method 
as a treatment and as a means of psychological investi- 
gation of the individual patients. 

The results of treatment in 142 patients are given. 
Except for schizophrenia where none of 18 patients was 
helped, the results are comparable with those obtained 
by more orthodox methods and the treatment is perhaps 
more economical of medical man-power than most 
others. 


Das Hirngeschidigte Kind: Psychologie und Diag- 
nostik. Eine experimentelle Untersuchung. By Karl- 
Hermann Wewetzer. (Pp. viii + 117; 9 figures. DM 19. 
80.) Stuttgart: Georg Thieme. 1959. 


This book reports an investigation in which systematic, 
standard, psychological tests were applied to a group of 
children with varied brain pathology and to a similar 
number of healthy individuals matched in age and 
general intelligence to the experimental group. The 
object seems to have been less the elucidation of func- 
tional disturbances attendant on any particular type of 
cerebral pathology than the development of a technique 
of diagnosis differential as between organic brain damage 
and other causes of educational and social shortcomings 
in children. The tests employed range from those familiar 
in British and American practice such as the Binet, 
Bender-Gestalt, and Koh’s block, to the Strauss and 
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Kephart character appraisal. Considerable industry and 
care is displayed in the statistical treatment of the results, 
which is pressed as far as factor analysis. But perhaps 
the most interesting conclusion is that, while in “brain- 
healthy” children no particular relation subsists between 
intellectual and affective features of their test behaviour, 
in those with cerebral pathology there is a marked 
connexion between these two aspects. The author’s 
attribution of this to a disturbance of **Grundfunktion’’ 
may or may not be viable. But the finding itself perhaps 
merits the attention of anyone who is content to treat 
motivation as a footnote to intellectual performance. 


Personality Change and Development as Measured by 
the Projective Techniques. By Molly Harrower. (Pp. 
383; heavily illustrated. $10.00.) New York and 
London: Grune and Stratton. 1958. 


Projective techniques have an insecure yet tenacious 
hold on the skirts of applied psychology. The attractive 
assumptions on which they are based, and the perennial 
demand for some means of recording and delineating 
personality ensure their widespread use but cannot 
ensure acceptance of their validity. The present study 
is by one of the most prominent and experienced workers 
in this field. Dr. Harrower has accumulated during the 
last 15 years the responses of some 4,000 subjects to a 
combination of projective tests which include the 
Rorschach, Szondi, thematic apperception, sentence- 
completion, and “‘most unpleasant concept” tests. The 
findings obtained on more than one occasion were 
evaluated in respect of each subject’s productivity, 
relation to reality, thought content, constructive fantasy, 
anxiety, and intelligence level. 

The investigation was designed to ascertain how far 
projective test findings mirror clinically detectable 
changes, and whether they differentiate between im- 
provement brought about by psychological treatment 
and improvement that occurs without such intervention. 
The answers, which were provided by the evidence here 
presented in painstaking detail, amount to a weak and 
unimpressive “Yes” to the first question, and a fairly 
definite “‘No” to the second. 


A Textbook in Rorschach Test Diagnosis. By Ewald 
Bohm. Translated by Anne G. Beck and Samuel J. 
Beck. (Pp. xi + 322. $7.75.) New York : Grune and 
Stratton. 1958. 


Devised in Switzerland and widely adopted throughout 
the world, the Rorschach test attained its maximum 
popularity in the United States, where it has also suffered 


its sharpest decline. It is, however, still much employed 
by clinicians, and this manual reviews in a systematic 
way the considerable volume of work on the Rorschach 
test published in European countries. The Scandinavian 
psychiatric literature is particularly well represented. 
After a brief introduction the technique of administration 
and scoring is fully described: then comes the largest 
part of the book, which deals with interpretation. As in 
most Rorschach publications, the weakest feature is in 
the attempt at impartial assessment of the test’s power 
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t» delineate personality and to differentiate varieties of 
rental disorder. As a convenient guide to European 
scudies, this book supplements usefully the familiar 
t:xts by Klopfer and Kelley, Bockner and Halpern, and 
lteck (the translator of the present work). It is well 
t -anslated. 


Symposia on Child and Juvenile Delinquency (presented 
it the American Orthopsychiatric Association). Edited 
'y Benjamin Karpman. (Pp. 364 + Index ; illustrated. 
£10.00.) Washington: Psychodynamics Monograph 
Series. 1959, 


From 1949 to 1953 Dr. Karpman arranged for a 
symposium on juvenile delinquency to be held each year 
at the Annual Meeting of the American Orthopsychiatric 
\ssociation. The proceedings, previously reported with 
some curtailment in the journal of the Association, are 
now collected and published in full. They make a large 
and wordy book, profusely illustrated with very crude 
drawings, which faithfully reflects the mixture of con- 
idence and ignorance that unfortunately still charac- 
ierizes the approach by child psychiatrists to the alarming 
problems of juvenile delinquency. The extent to which 
psychopathic personality can be held responsible for 
children’s misconduct is a recurring theme in the book: 
the discussions of it throw disconcerting light on the 
possible outcome of those compulsory measures for 
dealing with psychopathic adolescents which the new 
Mental Health Act now provides in Great Britain. 


Hysterie, Reflex und Instinkt, 6th ed. 
Kretschmer. (Pp. viii + 148, DM _ 12.80.) 
Georg Thieme. 1958. 


The last edition of this book appeared in 1947. Little 
has been learnt about hysteria in the intervening years, 
and the changes in this latest edition are correspondingly 
few. A case history is introduced to illustrate what the 
author calls a “cascade effect” in which the stimulus of 
an emotional shock spreads outward and releases a series 
of severe changes of a somatic as well as a psychological 
nature. Imu, a condition probably identical with Latah, 
is described; and a short note added on the way the 
vegetative nervous system is affected by that voluntary 
increase in reflex responses which Kretschmer postulates 
in hysteria. The book exemplifies the curiously indeter- 
minate nature of clinical conceptions of hysteria and its 
psychopathology. 


By Ernst 
Stuttgart: 


Stuttering: A Psychodynamic Approach to Its Under- 
standing and Treatment. By Dominick A. Barbara. 
(Pp. 255. 25s.) London: Hutchinson. 1958. 


Dr. Barbara, who is himself a stutterer, is a devoted 
adherent of the psychoanalytic theory and practice 
developed by the late Dr. Karen Horney. His book is a 
sustained explanation of stuttering in terms of Dr. 
Horney’s theory of neurosis. His considerable ex- 
perience of treating this irksome handicap is not turned 
to full account, as only one chapter, out of the 17 that 
make up the book, is concerned directly with treatment, 
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and the author here absolves himself from detailed 
description of methods. He does not give any data 


enabling the reader to judge the success of treatment 
carried out along the broad lines he advocates, and all 
in all his book is disappointingly vague. 


Communication, Organization and Science. By Jerome 
Rothenstein; Foreword by C. A. Muses. (Pp. xcvi 4 
110. $3.50). Indian Hills, Colorado: The Falcon’s 
Wing Press. 1958. 


This is a book for physicists interested in cybernetics 
and the theory of communication. Philosophical, 
psychological, and linguistic questions are discussed in. 
a speculative way, and particular attention paid to the 
concept of entropy. Two-fifths of the book is taken up 
with an obscurely written foreword by Dr. Muses. 


BOOKS RECEIVED 


(Review in a later issue is not precluded by notice here of books 

received.) 

A Short History of Psychiatry (translated from the 
German by Sulammith Wolff]. By Erwin H. Acker- 
knecht. (Pp. xi + 98; 9 photographs. 25s.) London: 
Hafner Publishing Co. 1959. 


Va Prospectus Research in Aging. Veterans Adminis- 
tration 1959. (Pp. v-+ 125; 48 figures. $1.50.) 
Washington: U.S. Government Printing Office. 1959. 


The Pathology of Tumours of the Nervous System. 
By Dorothy S. Russell and L. J. Rubinstein, with a 
chapter on “Tissue Culture in Relation to Tumours of 
the Nervous System” by C. E. Lumsden. (Pp. iii + 318; 
286 figures. 70s.) London: Edward Arnold. 1959. 


Anatomy of the Human Body. By R. D. Lockhart, G. F. 
Hamilton, and F. W. Fyfe. (Pp. ix + 697; 965 figures. 
105s.) London: Faber and Faber. 1959. 


A Textbook of Neurology, 2nd edition revised. By 
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